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PREFAC 



Saladin’s HumanAnatomy goes beyond deseriptions of body stme- 
ture to read as a story that weaves together basie seienee, elinieal 
applieations, the history of medieine, and the evolutionary basis 
of human structure. Saladin eombines this humanistic perspeetive 
with vibrant photos and art to eonvey the beauty and excitement of 
the subject to beginning students. 


New to the Fifth Edition 

New Seientifie Information 

This fifth edition features new and updated seientifie eontent on 
the limitations and applieations of MRI and PET seans (ehapter 1); 
pseudopods and eiliopathies (ehapter 2); the pathogenesis of pres- 
sure sores (ehapter 3); causes of spontaneous abortion (ehapter 4); 
skin grafting with atomized spray-on stem eells (ehapter 5); the 
reemergenee of polio due to anti-vaeeination polities (ehapter 14); 
and the newly reeognized panereatie hormone amylin (ehapter 18). 

This edition also offers new functional perspeetives on bio- 
meehanies of the fingernails (ehapter 5) and patella (ehapter 8); 
myoglobin (ehapter 10); serratus posterior muscles (ehapter 11); 
linguistic functions of the right eerebral hemisphere (ehapter 15); 
lamellar corpuscles (ehapter 17); the trabeculae earneae and papil- 
lary muscles of the heart (ehapter 20); the spleen (ehapter 22); the 
shape and interfaees between pulmonary alveoli (ehapter 23); and 
oogenesis and folliculogenesis (ehapter 26). Chapter 21 offers new 
Deeper Insight essays on air embolism and eentral venous eatheters. 


New Perspeetives 

This edition follows Gray ’s Anatomy and other leading authori- 
ties in dispensing with origin and insertion terminology for mus- 
ele attaehments (for reasons explained on page 241). The muscle 
tables in ehapters 11 and 12 now list muscle attaehments without 
ealling them by these inereasingly obsolete terms. Muscle innerva- 
tions are also simplified in these tables by eiting the major eranial 
and spinal nerves rather than their finer branehes. 

This edition updates many other anatomieal terms and deletes 
most eponyms in keeping with the Terminologia Anatomiea. It 
deletes or de-emphasizes other eommonly held but erroneous 
beliefs such as laetie aeid as a cause of muscle fatigue (ehapter 10), 
diseredited stories such as Phineas Gage’s brain trauma effeets 
(ehapter 15), the long-believed absenee of lymphatie vessels from 
the CNS (ehapter 22), and obsolete praetiees such as gallstone 
lithotripsy (ehapter 24). 


New Art and Photography 

This edition has more than 90 ehanges in the art program rang- 
ing from fine adjustments in art and labeling to entirely new 
figures of pseudopods (fig. 2.14), structure of the nucleus 
(fig. 2.18), and proteasomes (fig. 2.19c). Improvements 


have been made in depietions of the optie radiation of the 
brain (fig. 17.30) and interealated dises of eardiae muscle 
(fig. 20.14). Color keys to the bones have been added to all of 
the skull art in ehapter 7. 

New and better photography will be found in these pages for 
the eerebral angiogram (fig. 1.3b); fluorescent-stained eytoskel- 
eton (fig. 2.16b); the 20-week fetus in utero (fig. 4.11f); basal 
eell eareinoma (fig. 5.13a); persons exhibiting spinal osteopo- 
rosis (fig. 6.16c), peripheral edema (fig. 22.2); the developmen- 
tal effeet of thalidomide (fig. 4.15); X-ray anatomy of the hand 
(fig. 8.5c); disseetion of the ankle (fig. 9.26b); vascular easts of 
skeletal muscle and the thyroid gland (figs. 10.13 and 21.2); his- 
tology of lymphatie nodules (fig. 22.8); the hmg (fig. 23.10); the 
pituitary and adrenal glands (figs. 18.3 and 18.8); and new elee- 
tron mierographs of erythroeytes in a eapillary (fig. 19.3c), an 
eosinophil (fig. 19.7), maerophage aetion (fig. 22.7), gastrie pits 
(fig. 24.12), the renal glomerulus (fig. 25.9), and seminiferous 
tubules (fig. 26.4). 

What Else Is New? 

Saladin has added two full-page illustrated summaries of the 
levels of skeletal muscle structure (table 10.1) and eranial nerve 
pathways (fig. 15.24), enabling students to step baek from the 
details and see the big picture. Expected Learning Outcomes for 
eaeh ehapter seetion are now listed by letter (in plaee of bullet 
points) for easier referenee or assignment by instmetors, and are 
reinforeed with Assess Your Learning Outcomes in the Study 
Guide at the end of eaeh ehapter. Feedbaek from students in his 
own elassroom and e-mails from students worldwide have led Ken 
to rewrite several passages for eeonomy of words and greater eon- 
ceptual elarity. 


A Storytelling Writing Style 

Students and instmetors alike eite Saladin’s prose style as the num- 
ber one attraetion of this book. Students doing blind eomparisons 
of Ken Saladin’s ehapters and those of other anatomy books rou- 
tinely find Saladin elearly written, easy to understand, and a stim- 
ulating, interesting read. Saladin’s analogy-rieh writing enables 
students to easily visualize abstraet eoneepts in terms of everyday 
experience. 

Such dimensions are more impressive when we seale them up 
to the size offamiliar ohjeets. Ifthe soma ofa spinal motor neuron 
was the size ofa tennis hall, its dendrites wouldform a huge hushy 
mass that could fill a 30-seat elassroom from floor to eeiling. Its 
axon would he up to a mile long hut a little narrower than a garden 
hose. This is quite a point to ponder. The neuron must assemhle 
molecules and organelles in its “tennis hall” soma and deliver 
them through its “mile-long garden hose” to the end ofthe axon. 


Vlll 



EVOLLITION O F A STORYTELLER 



Ken in 1964 


Ken Saladin’s “first book,” 
Hydro Eeology (1965) 


Some of Ken’s first 
pen-and-ink artvvork (1965) 



Ken’s first textbook published in 1997 


Ken served as an A&P textbook revievver and testbank vvriter for severa 
years and then embarked on his first book for McGraw-Hill in 1993. He 
published the first edition of Anotomy & Physiology: The Unity of Form ond 
Function in 1997 and his first edition of Fluman Anotomy in 2004. The story 
continues with Flumon Anatomy fifth edition. 






K@ nneth 5. Sa ladJn 
Robln K. iMtFarland 


The story continues in 2016 


Essentiols book published in 2013 















































G U I D E D TOUR 
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Instmetive Artwork for Visual Learners 

Saladin’s stunning illustrations and photos entiee students 
who regard themselves as “visual learners.” 

Vivid lllustrations with rieh textures and shading and bold, 
bright eolors bring anatomy to life. 
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Figiire 22.11 Anatomy of a Lymph Node. (a) Partially biseeted lymph node showing pathway of lymph flow. (b) Detail of the boxed region in 
part (a). (e) Reticular fiber stroma and immune eells in a medullary sinus (SEM). fePI F>_ 
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(b) Pylorie gland 


(e) Gastrie gland 



(d) Gastrie pits 


Figure 24.12 Mieroseopie Anatomy of the Stomaeh Wall. (a) A bloek of tissue showing all layers from the mucosa (top) to the serosa (bottom). 
(b) A pylorie gland from the inferior end of the stomaeh. Note the absenee of ehief eells and relatively few parietal eells. (e) A gastrie gland, the 
most widespread type in the stomaeh. (d) The opening of several gastrie pits into the stomaeh, surrounded by the rounded apieal surfaces of the 
columnar epithelial eells of the mucosa (SEM). fe-R 


Proeess Figures relate numbered steps in the art with 
eorresponding numbered text deseriptions. 







CSF is seereted by 
ehoroid plexus in 
eaeh lateral ventriele. 


CSF flows through 
interventricular foramina 
into third ventriele. 


Choroid plexus in third 
ventriele adds more CSF. 


CSF flows down eerebral 
aqueduct to fourth ventriele. 


Choroid plexus in fourth 
ventriele adds more CSF. 


CSF flows out two lateral apertures 
and one median aperture. 


CSF fills subarachnoid spaee and 
bathes external surfaces of brain 
and spinal eord. 


At araehnoid granulations, CSF 
is reabsorbed into venous blood 
of dural venous sinuses. 
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Figiire 15.5 The Flow of eerebrospinal Fluid. 






































































































Orientation Tools, like disseetion planes and a eompass on the 
anatomieal art, elarify the perspeetive from which a structure 
is viewed. 


The Psyehology of Learning 

Having taught human anatomy for 38 years, Saladin 
knows what works in the elassroom and ineorporates 
those approaehes into the pedagogy of Hurnan Anatomy. 



Chapters Organized for Preview and Review 

Chapter Outline provides a eontent preview and 
faeilitates review and study. 

Deeper Insights pique the interest of health-seienee 
students by showing the elinieal relevanee of the eore 
seienee. 

Brushing Up reminds students of the relevanee of earlier 
ehapters to the one on which they are currently 
embarking. 

Anatomy & Physiology REVEALED® ieons indieate 
which area of this interaetive eadaver disseetion 
program eorresponds to the ehapter topie. 
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Overvievv of 
the Skeleton 


Expected Learning Outcomes 

When you have eompleted this seetion, you should be able to 

a. define the two subdivisions of the skeleton; 

b. state the approximate number of bones in the adult body; 
e. explain why this number varies with age and from one 

person to another; and 

d. define several terms that denote surface features of bones. 


Before You Go On 


Answer the follovving questions to test your understonding ofthe 
preeeding seetion: 

1. Name the major eomponents of the axial skeleton. Name 
those of the appendicular skeleton. 

2. Explain why an adult does not have as many bones as a 
ehild does. Explain why one adult may have more bones 
than another adult of the same age. 

3. Briefly deseribe eaeh ofthe following bone features: eondyle, 
epieondyle, proeess, tubercle, fossa, sulcus, and foramen. 



Reinforeed Learning 

Eaeh seetion is a conceptually unified topie, 
framed between a pair of learning “bookends”—a 
set of learning objeetives at the beginning and a 
set of review and self-testing questions at the end. 
Eaeh seetion is numbered for easy referenee in 
lecture, assignments, and aneillary materials. 

Expected Learning Outcomes give the student a 
preview of key points to be learned within the 
next few pages. 

Before You Go On prompts the student to pause 
and spot-eheek his or her mastery of the 
previous few pages before progressing to new 
material. 


Vocabulary Building 

Several features help build a student’s level of eomfort with medi- 

eal vocabulary. 

Pronunciation Guides Knowing proper pronunciation is key 
to remembering and spelling terms. Saladin gives simple, 
intuitive a pro-NUN-see-AY-shun” guides to help students over 
this hurdle and widen the student’s eomfort zone for medieal 
vocabulary. 

Word Origins Accurate spelling and insight into medieal terms 
are greatly enhaneed by a familiarity with eommonly used 
word roots, prefixes, and suffixes. 

Footnotes throughout the ehapters help build the student’s 
working lexicon of word elements. An end-of-book Glossary 
provides elear definitions of the most important or frequently 
used terms. 


Types of Neuroglia 

There are six major eategories of neuroglia, eaeh with a unique 
function (table 13.1). Four types occur only in the eentral nervous 
system (fig. 13.6); 

1. Oligodendroeytes 15 (OL-ih-go-DEN-dro-sites) somewhat 
resemble an octopus; they have a bulbous body with as 
many as 15 armlike proeesses. Eaeh proeess reaehes out to a 
nerve fiber and spirals around it like eleetrieal tape wrapped 
repeatedly around a wire. This wrapping, ealled the myelin 
sheath, insulates the nerve fiber from the extracellular fluid 
and speeds up signal conduction in the nerve fiber. 


15 o//go = few; dendro — branehes; eyte — eell 


Building Your Medieal Vocabulary An exercise at the end of 

eaeh ehapter helps students ereatively use their knowledge of 
new medieal word elements. 


Building Your Medieal Vocabulary 



State a medieal meaning ofeaeh ofthe 

4. lipo- 

9. fer- 


following word elements, and give a term in 
which it is used. 

5. dendro- 

6. -ite 

10. selero- 


1. -ie 

2. somato- 

3. neuro- 

7. pseudo- 

8. oligo- 


Answers in appendix A 




























Self-Assessment Tools 

Saladin provides students with abundant opportunities to evaluate 
their eomprehension of eoneepts. A wide variety of questions from 
simple reeall to analytieal evaluation eover all six eognitive levels 
of Bloom’s Taxonomy of Educational Objeetives. 

Before You Go On questions test simple reeall and lower-level 
interpretation of information read in the previous few pages. 

Apply What You Know tests a students ability to think of the 
deeper implieations or elinieal applieations of a point he or 
she just read. 



• The plaeenta. This organ performs many functions in 
pregnaney, including fetal nutrition and waste removal. But 
it also seeretes estrogen, progesterone, and other hormones 
that regulate pregnaney and stimulate development of the 
fetus and the mother’s mammary glands. 


Apply What You Know 

Often, two hormones have opposite (ontogonistie) effeets 
on the same target organs. For example, oxytocin stimulates 
labor eontraetions, and progesterone inhibits premature labor. 
Name some other examples of antagonistie effeets among the 
hormones in this ehapter. 


You ean see that the endoerine system is extensive. It includes 
numerous diserete glands as well as individual eells in the tissues 
of other organs. The endoerine organs and tissues other than the 
hypothalamus and pituitary are reviewed in table 18.3. 


Before You Go On 

-0 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

9. Name two endoerine glands that are larger in ehildren than 
in adults. What are their functions? 

10. What hormone inereases the body’s heat production in eold 
weather? What other functions does this hormone have? 

11. Name the main hormone seereted by eaeh layer of the 
adrenal cortex and one seereted by the adrenal medulla, 
and state the function of eaeh. 

12. What is the differenee between a gonadal hormone and a 
gonadotropin? 

13. What hormones are most important in regulating blood 
glucose eoneentration? What eells produce them? Where 
are these eells found? 

14. Name one hormone produced by eaeh of the following 
organs—the heart, liver, and plaeenta—and state the function 
of eaeh hormone. 



Figure Legend Questions posed in many of the figure 
legends prompt the student to interpret the art and apply 
it to the reading. 
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Figure 10.1 Skeletal Muscle Fibers. 

• What tissue eharaeteristies evident in this photo distinguish this from 
eardiae and smooth muscle? AP R 
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Testing Your Reeall seetions at the end of eaeh ehapter 
offer 20 simple reeall questions to test retention of 
terminology and basie ideas. 

True or False statements require students not merely 
to evaluate their truth, but also to eoneisely explain 
why the false statements are untrue, or rephrase them 
in a way that makes them tme. 

Testing Your Comprehension questions are elinieal 
applieation and other interpretive essay questions that 
require the student to apply the ehapter s basie seienee 
to elinieal or other seenarios. 


Testing Your Reeall 


1. The hip bone is attaehed to the axial skel- 
eton through its 

a. auricular surface. 

b. articular eartilage. 
e. pubic symphysis. 

d. eonoid tiiberele. 

e. eoronoid proeess. 

2. Which of these bones supports the most 
body weight? 

a. ilium 

b. pubis 
e. femiir 

d. tibia 

e. talus 

3. Which of these structures ean be most eas- 
ily palpated on a living person? 

a. the deltoid tuberosity 

b. the greater seiatie noteh 
e. the medial malleolus 

d. the eoraeoid proeess of the scapula 

e. the glenoid eavity 


4. Compared to the male pelvis, the pelvis of 
a female 

a. has a less movable coccyx. 

b. has a rounder pelvie inlet. 

e. is narrower between the iliae erests. 

d. has a narrower pubic areh. 

e. has a narrower saemrn. 

5. The lateral and medial malleoli are most 
similar to 

a. the radial and ulnar styloid proeesses. 

b. the humeral capitulum and troehlea. 
e. the aeromion and eoraeoid proeess. 

d. the base and head of a metaearpal bone. 

e. the anterior and posterior superior 
iliae spines. 

6. When you rest your hands on your hips, 
you are resting them on 

a. the pelvie inlet. 

b. the pelvie outlet. 
e. the pelvie brim. 

d. the iliae erests. 

e. the auricular surfaces. 


7. The dise-shaped head of the radius articu- 

lates with the_of the humerus. 

a. radial tuberosity 

b. troehlea 
e. capitulum 

d. oleeranon proeess 

e. glenoid eavity 

8. All of the following are earpal bones 

except the_, which is a tarsal bone. 

a. trapezium d. triquetrum 

b. cuboid e. pisiform 

e. trapezoid 

9. The bone that siipports your body weight 
when you are sitting down is 

a. the acetabulum. d. the coccyx. 

b. the pubis. e. the ischium. 

e. the ilium. 

10. Which of these is the bone of the heel? 

a. cuboid d. troehlear 

b. calcaneus e. talus 

e. navicular 


True or False 


Determine which five of the following 
statements arefalse, and briefly explain why. 

1. There are more earpal bones than tarsal 
bones. 

2. The hands have more phalanges than the feet. 

3. The upper limb is attaehed to the axial 
skeleton at only one point, the aeromioela- 
vicular joint. 

4. On a living person, it would be possible 
to palpate the muscles in the infraspinous 
fossa but not those of the subscapular fossa. 

Testing Your Comprehension 

1. In adoleseents, trauma sometimes sepa- 
rates the head of the femur from the neek. 
Why do you think this is more eommon in 
adoleseents than in adults? 

2. By palpating the hind leg of a eat or dog or 
examining a laboratory skeleton, you ean 
see that eats and dogs stand on the heads of 
their metatarsal bones; the calcaneus does 
not touch the ground. How is this similar 
to the stanee of a woman wearing high- 
heeled shoes? How is it different? 

3. A deer hunter diseovers a human skeleton 
in the woods and notifies authorities. A 
news report on the finding deseribes it as 
the body of an unidentified male between 


5. In striet anatomieal terminology, the words 
arm and leg both refer to regions with only 
one bone. 

6. If you rest your ehin on your hands with 
your elbows on a table, the oleeranon of 
the ulna rests on the table. 

7. The most frequently broken bone in 
humans is the humerus. 

8. The pimimal end of the radius articulates 
with both the humerus and ulna. 


17 and 20 years of age. What skeletal 
features would have been most useful for 
determining the sex and approximate age 
of the individual? 

4. A surgeon has removed 8 em of Joan’s 
radius because of osteosareoma, a bone 
eaneer, and replaeed it with a graft taken 
from one of the bones of Joan’s lower limb. 
What bone do you think would most likely 
be used as the source of the graft? Explain 
your answer. 

5. Andy, a 55-year-old, 75 kg (165-pound) 
roofer, is shingling the steeply pitehed 
roof of a new house when he loses his 
footing and slides down the roof and over 


9. The pisiform bone and patella are both 
sesamoid bones. 

10. The pelvie outlet is the opening in the floor 
of the greater pelvis leading into the lesser 
pelvis. 


Answers in appendix A 


the edge, feet first. He braees himself for 
the fall, and when he hits the ground, he 
eries out and doubles up in excruciating 
pain. Emergeney medieal teehnieians 
ealled to the seene tell him he has broken 
his hips. Deseribe, more speeifieally, 
where his fractures most likely oeeiirred. 
On the way to the hospital, Andy says, 
“You know it’s funny, when I was a kid, 

I used to jump off roofs that high, and I 
never got hurt.” Why do you think Andy 
was more at risk of a fracture as an adult 
than he was as a boy? 




























































DEEPER INSIGHT 


Abnormal Spinal Curvatures 



Abnormal spinal curvatures (fig. 7.21) ean result from abdominal 
weight gain in obesity or pregnaney; poor posture; weakness 
or paralysis of the trunk muscles; some diseases; or eongenital 
defeets in vertebral anatomy. The most eommon deformity is an 
abnormal lateral curvature ealled seoliosis. It occurs most often in 
the thoraeie region, particularly among adoleseent girls. It some- 
times results from a developmental abnormality in which the body 
and areh of a vertebra fail to develop on one side. If the person’s 
skeletal growth is not yet eomplete, seoliosis ean be eorreeted 
with a baek braee. 

An exaggerated thoraeie curvature is ealled kyphosis (hunch- 
baek, in lay language). It is usually a result of osteoporosis, but 
it also occurs in people with osteomalaeia or spinal tuberculo- 
sis and in adoleseents who engage heavily in such sports as 
wrestling and weight lifting. An exaggerated lumbar curvature 
is ealled lordosis (swayback). It ean have the same causes as 
kyphosis, or it ean result from added abdominal weight in preg- 
naney or obesity. 




gure 7.2 Abnormal Spinal Curvatures. (a) Seoliosis, an 
abnormal lateral deviation. (b) Kyphosis, an exaggerated thoraeie 
curvature eommon in old age. (e) Lordosis, an exaggerated lumbar 
curvature eommon in pregnaney and obesity. 


(a) Seoliosis 



(b) Kyphosis (e) Lordosis 

(“hunchback”) (“swayback”) 


Making it Relevant 

Deeper Insight essays eover the elinieal applieation of basie 
seienee. Some Deeper Insight boxes highlight medieal 
history and evolutionary interpretations of human structure 
and function. 
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Dear Students, 


When I was a young boy, I beeame interested in what I then ealled “nature study” for two reasons. One was the sheer beauty of nature. 
I reveled in ehildren’s books with abundant, colorful drawings and photographs of animals, plants, minerals, and gems. It was this esthetie 
appreeiation of nature that made me want to learn more about it and made me happily surprised to diseover I could make a eareer of it. At 
a slightly later age, another thing that drew me still deeper into biology was to diseover writers who had a way with words—who could 
eaptivate my imagination and curiosity with their elegant prose. Onee I was old enough to hold part-time jobs, I began buying zoology and 
anatomy books that mesmerized me with their gracefulness of writing and faseinating art and photography. I wanted to write and draw like 
that myself, and I began learning from “the masters.” I spent many late nights in my room peering into my mieroseope and jars of pond 
water, typing page after page of manuscript, and trying pen and India ink as an art medium. My “first book” was a 318-page paper on some 
little pond animals ealled hydras, with 53 illustrations, that I wrote for my tenth-grade biology elass when I was 16 (see p. ix). 

Fast forward about 30 years to when I beeame a textbook writer, and I found myself bringing that same enjoyment of writing and 
illustrating to my own anatomy and physiology textbooks. Why? Not only for its intrinsie ereative satisfaetion, but because I’m guessing 
that you’re like I was—you ean appreeiate a book that does more than simply give you the information you need. You appreeiate, I tmst, a 
writer who makes it enjoyable for you through seientifie, storytelling prose and a conceptualized way of illustrating things to spark interest 
and faeilitate understanding. Some of you probably think of yourselves as “visual learners” and others as “verbal learners.” Either way, 
I hope this book will serve your learning style. 

I know from my own students, however, that you need more than eaptivating illustrations and enjoyable reading. Let’s faee it—A&P is 
a complex subject and it may seem a formidable task to acquire even a basie knowledge of the human body. It was difficult even for me to 
learn (and the learning never ends). So in addition to simply writing this book, I’ve given a lot of thought to what we eall pedagogy—the art 
of teaehing. I’ve designed my ehapters to make them easier for you to study and to give you abundant opportunity to eheek whether you’ve 
understood what you read—to test yourself (as I advise my own students) before the instmetor tests you. In later editions, we brought on 
a team of digital authors to produce online learning aids that students have eommended as extremely helpful to them in learning human 
anatomy. 

Eaeh ehapter is broken down into short, digestible bits with a set of learning goals (Expected Learning Outcomes) at the beginning of 
eaeh seetion, and self-testing questions (Before You Go On) just a few pages later. Even if you have just 30 minutes to read during a lunch 
break or a bus ride, you ean easily read or review one of these brief seetions. There are also numerous self-testing questions at the end 
of eaeh ehapter, in some of the figure legends, and the oeeasional Apply What You Know questions dispersed through eaeh ehapter. The 
questions eover a broad range of eognitive skills, from simple reeall of a term to your ability to evaluate, analyze, and apply what you’ve 
learned to new elinieal situations or other problems. 

The Guided Tour on page xii takes you through the learning aids we’ve ereated for you within the book itself and additional study aids 
available within Connect. I hope you will take a little time to look at the Guided Tour to see what we have to offer you. The Prefaee on 
page x goes a little deeper into my thinking behind the book’s design and eontent and will also help you get more out of your experience. 

I hope you enjoy your study of this book, but I know there are always ways to make it even better. Indeed, what quality you may find 
in this edition owes a great deal to feedbaek I’ve reeeived from students all over the world. If you find any typos or other errors, if you have 
any suggestions for improvement, if I ean elarify a eoneept for you, or even if you just want to eomment on something you really like about 
the book, I hope you’ll feel free to write to me. I eorrespond quite often with students and would enjoy hearing from you. 
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Ken Saladin 

Georgia College & State LJniversity 
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part o ne Organization of the Body 


T his book is an introduction to the structure of the human 

body. It is meant primarily to provide a foundation for 
advaneed study in fields related to health and fitness. 
Beyond that purpose, hovvever, the study of anatomy ean also 
provide a satisfying sense of self-understanding. Even as ehil- 
dren, vve are curious about vvhat’s inside the body. Dried skel- 
etons, museum exhibits, and beautifully illustrated atlases of the 
body have long elieited vvidespread public faseination. 

This ehapter lays a foundation for our study of anatomy by 
eonsidering some broad themes. We vvill eonsider vvhat this sei- 
enee eneompasses and vvhat methods are used for the study 
of anatomy. We vvill lay out a general “road map” of the human 
body to provide a context for the ehapters that follovv. We vvill 
also get some insights into hovv a beginning anatomy student 
ean beeome eomfortable vvith medieal terminology. 



The Seope of 
Human Anatomy 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. define anatomy and some of its subdisciplines; 

b. name and deseribe some approaehes to studying 
anatomy; 

e. deseribe some methods of medieal imaging; and 
d. discuss the variability of human anatomy. 


Hiiman anatomy is the study of the structural basis of body 
function. It provides an essential foundation for understanding 
physiology, the study of the functional relevanee of that stme- 
ture; anatomy and physiology together are the bedroek of the 
health seienees. You ean study human anatomy from an atlas; yet 
as beautiful, faseinating, and valuable as atlases are, they teaeh 
almost nothing but the loeations, shapes, and names of things. 
This book is different; it deals with what biologists eall fimetional 
morphology 1 —not just the structure of organs, but the functional 
reasons behind it. 

Anatomy and physiology eomplement eaeh other; eaeh makes 
sense of the other, and eaeh molds the other in the course of human 
development and evolution. We eannot delve into the details of 
physiology in this book, but enough will be said of function to help 
you make sense of human structure and to more deeply appreeiate 
the beauty of human form. 


The Anatomieal Seienees 

Anatomy is an aneient human interest, undoubtedly older than any 
written language we know. We ean only guess when people began 
deliberately cutting into human bodies out of curiosity, simply to 


^morpho = form, structure; logy = study of 


know what was inside. Some of the earliest and most influential 
books of anatomy were written by the Greek philosopher Aristotle 
(384-322 bce), the Greek physieian Galen (129-e. 199 ce), and the 
Persian physieian Avieenna (Ibn Sina, 980-1037 ce). For nearly 
1,500 years, medieal professors in Europe idolized these “aneient 
masters” and eonsidered their works above reproaeh. Modern 
human anatomy, however, dates to the sixteenth century, when 
Flemish physieian and professor Andreas Vesalius (1514-64) 
questioned the accuracy of the earlier authorities and eommis- 
sioned the first accurate anatomieal illustrations for his book, De 
Humani Corporis Fabriea (On the Structure of the Human Body, 
1543) (fig. 1.1). The tradition begun by Vesalius has been handed 
down to us through such famous eontemporary works as Gray’s 
Anatomy, Frank Netter’s Atlas ofHnman Anatomy, and many oth- 
ers, to the riehly illustrated textbooks used by eollege students 
today. 

For all its attention to the deeeased body, or eadaver , 2 human 
anatomy is hardly a “dead seienee.” New techniques of study eon- 
tinually produce exciting new insights into human structure and its 
functional relevanee; anatomists have diseovered far more about 
the human body in the last century than in the 2,500 years before. 
Anatomy now embraees several subdisciplines that study human 
structure from different perspeetives. Gross anatomy is the study 
of structure visible to the naked eye, using methods such as surface 
observation, disseetion, X-rays, and MRI seans. Surface anatomy 
is the external structure of the body, and is espeeially important 
in conducting a physieal examination of a patient. Radiologie 
anatomy is the study of internal structure, using X-rays and other 
medieal imaging techniques deseribed in the next seetion. 

Systemie anatomy is the study of one organ system at a time 
and is the approaeh taken by most introductory textbooks such as 
this one. Regional anatomy is the study of multiple organ sys- 
tems at onee in a given region of the body, such as the head or 
ehest. (See the Atlas of Regional and Surface Anatomy on p. 329.) 
Medieal sehools and anatomy atlases typieally teaeh anatomy 
from a regional perspeetive, because it is more praetieal to dis- 
seet all structures of the head and neek, the ehest, or a limb, than 
it would be to try to disseet the entire digestive system, then the 
cardiovascular system, and so forth. Disseeting one system almost 
invariably destroys organs of other systems that stand in the way. 
Furthermore, as surgeons operate on a particular area of the body, 
they must think from a regional perspeetive and attend to the inter- 
relationships of all structures in that area. 

Ultimately, the structure and function of the body result from 
its individual eells. To see those, we usually take tissue speeimens, 
thinly sliee and stain them, and observe them under the miero- 
seope. This approaeh is ealled histology (mieroseopie anatomy). 
Histopathology 3 is the mieroseopie examination of tissues for 


signs of disease. Cytology 4 is the study of the structure and func- 
tion of individual eells. 

Anatomy, of course, is not limited to the study of humans, but 
extends to all living organisms. Even students of human structure 


2 from eodere = to fall down or die 

3 histo = f/'ssi/e; potho = disease; logy = study of 

4 cyfo = eell; logy = study of 
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Figure 1.1 Evolution of Medieal Art. Two illustrations of the skeletal system made about 500 years apart. (a) From an eleventh-century work 
attributed to Persian physieian Avieenna. (b) From De Humoni Corporis Fabriea (1543) by Andreas Vesalius. 


benefit from eomparative anatomy —the study of more than one 
speeies in order to examine structural similarities and differenees 
and analyze evolutionary trends. Anatomy students often begin by 
disseeting other animals with which we share a eommon aneestry 
and many structural similarities. Indeed, many of the reasons for 
human structure beeome apparent only when we look at the struc- 
ture of other animals. In ehapter 25, for example, you will see that 
physiologists had little idea of the purpose of eertain tubular loops 
in the kidney (nephron loops) until they eompared human kidneys 
with those of desert and aquatic animals, which have greater and 
lesser needs to eonserve water. The greater an animal’s need to 
eonserve water (the drier its habitat), the longer these loops are. 
Thus, eomparative anatomy hinted at the function of the nephron 
loop, which could then be eonfirmed through experimental physi- 
ology. Such are the insights that ean be gained by eomparing dif- 
ferent speeies with eaeh other. 


Methods of Stiidy 

There are several ways to examine the structure of the human body. 
The simplest is inspeetion —simply looking at the body’s appear- 
anee in careful detail, as in performing a physieal examination or 
making a elinieal diagnosis from surface appearanee. Observations 
of the skin and nails, for example, ean provide clues to such under- 
lying problems as vitamin defieieneies, anemia, heart disease, and 
liver disease. Physieal examinations involve not only looking at the 
body for signs of normaley or disease, but also touching and listen- 
ing to it. Palpation 5 means feeling a structure with the hands, such 
as palpating a swollen lymph node or taking a pulse. Auscultation 6 
(AWS-cul-TAY-shun) is listening to the natural sounds made by the 


5 pa/p = touch, feel; ation = proeess 

6 auscult = listen; ation = proeess 
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Figure 1.2 Early Medieal Students in the Gross Anatomy 
Laboratory with Three Cadavers. 


body, such as heart and lung sounds. In percussion, the examiner 
taps on the body, feels for abnormal resistanee, and listens to the 
emitted sound for signs of abnormalities such as poekets of fluid, air, 
or sear tissue. 

A deeper understanding of the body depends on disseetion 
(dis-SEC-shun)—the careful cutting and separation of tissues to 
reveal their relationships. The very words anatomy 1 and disseetion 7 8 
both mean “cutting apart”; until the nineteenth century, dissee- 
tion was ealled “anatomizing.” In many sehools of health seienee, 
eadaver disseetion is one of the first steps in the training of students 
(fig. 1.2). 

Disseetion, of course, is not the method of ehoiee when 
studying a living person! Not long ago, it was eommon to diag- 
nose disorders through exploratory surgery —opening the 
body and taking a look inside to see what was wrong and what 
could be done about it. Any breaeh of the body eavities is risky, 
however, and most exploratory surgery has now been replaeed 
by medieal imaging techniques—methods of viewing the inside 
of the body without surgery (fig. 1.3). The braneh of medieine 
eoneerned with imaging is ealled radiology. Anatomy learned 
in this way is ealled radiologie anatomy, and those who use 
radiologie methods for elinieal purposes include radiologists 
and radiologie teehnieians. 

Some radiologie methods involve high-energy ionizing radiation 
such as X-rays or partieles ealled positrons. These penetrate the 
tissues and ean be used to produce images on X-ray film or through 
eleetronie deteetors. The benefits of ionizing radiation must always 
be weighed against its risks. It is ealled ionizing because it ejeets 
eleetrons from the atoms and molecules it strikes. This effeet ean 
cause mutation and trigger eaneer. Thus, ionizing radiation eannot 
be used indiseriminately. Used judiciously, however, the ben- 
efits of a mammogram or dental X-ray substantially outweigh the 
small risk. 


7 ana = apart; tom = cut 

8 dis = apart; seet = cut 


Some of the imaging methods to follow are eonsidered 
noninvasive because they do not involve any penetration of the skin 
or body orifiees. Invasive imaging techniques may entail insert- 
ing ultrasound probes into the esophagus, vagina, or rectum to get 
eloser to the organ to be imaged, or injeeting substances into the 
bloodstream or body passages to enhanee image formation. 

Any anatomy student today must be acquainted with the basie 
techniques of radiology and their respeetive advantages and limita- 
tions. Many of the images printed in this book have been produced 
by the following techniques. 


Radiography 

Radiography, first performed in 1895, is the proeess of photo- 
graphing internal structures with X-rays. Until the 1960s, this was 
the only widely available imaging method; even today, it accounts 
for more than 50% of all elinieal imaging. X-rays pass through 
the soft tissues of the body to a photographie film or deteetor on 
the other side, where they produce relatively dark images. They 
are absorbed, however, by dense tissues such as bones, teeth, 
tumors, and tuberculosis nodules, which leave the image lighter 
in these areas (fig. 1.3a). The term X-ray also applies to a pho- 
tograph ( radiograph) made by this method. Radiography is eom- 
monly used in dentistry, mammography, diagnosis of fractures, 
and examination of the ehest. Hollow organs ean be visualized 
by filling them with a radiopaque substance that absorbs X-rays. 
Barium sulfate, for example, is given orally for examination of the 
esophagus, stomaeh, and small intestine, or by enema for exami- 
nation of the large intestine. Other substances are given by injee- 
tion for angiography, the examination of blood vessels (fig. 1.3b). 
Some disadvantages of radiography are that images of overlapping 
organs ean be confusing and slight differenees in tissue density are 
not easily deteeted. In addition, X-rays present the aforementioned 
risks of ionizing radiation. 


Computed Tomography 

Computed tomography (a CT sean) is a more sophistieated 
applieation of X-rays. The patient is moved through a ring-shaped 
maehine that emits low-intensity X-rays on one side and reeeives 
them with a deteetor on the opposite side. A computer analyzes 
signals from the deteetor and produces an image of a “sliee” of the 
body about as thin as a eoin (fig. 1.3c). The computer ean “staek” 
a series of these images to eonstmet a three-dimensional image of 
the body. CT seanning has the advantage of imaging thin seetions 
of the body, so there is little organ overlap and the image is much 
sharper than a eonventional X-ray. It requires extensive knowledge 
of eross-seetional anatomy to interpret the images. CT seanning is 
useful for identifying tumors, aneurysms, eerebral hemorrhages, 
kidney stones, and other abnormalities. 


Magnetie Resonanee Imaging 

Magnetie resonanee imaging (MRI) was eoneeived as a teeh- 
nique superior to CT for visualizing soft tissues (fig. 1.3d). The 
patient lies in a ehamber surrounded by a large eleetromagnet that 
ereates a very strong magnetie field. Hydrogen atoms in the tissues 
align themselves with the field. The teehnologist then aetivates a 
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(a) X-ray (radiograph) 


(b) Cerebral angiogram 
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(e) Computed tomographie (CT) sean 
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(d) Magnetie resonanee image (MRI) 



(e) Positron emission tomographie 
(PET) sean 


Figure 1.3 Radiologie Images of the 

Head. (a) X-ray (radiograph) showing the 
bones and teeth. (b) An angiogram of the 
eerebral blood vessels. (e) A CT sean at 
the level of the eyes. (d) An MRI sean at 
the level of the eyes. The optie nerves 
appear in red and the muscles that move 
the eyes appear in green. (e) A PET sean of 
the brain of an unmedicated sehizophrenie 
patient. Red areas indieate regions of high 
metabolie rate. In this patient, the visual 
eenter of the brain at the rear of the head 
(bottom of photo) was espeeially aetive 
during the sean. 

• Whot structures ore seen better by MRI 
thon byX-roy? Whot structures ore seen 
better byX-roy thon by PET? 


radio wave emitter, causing the hydrogen atoms to absorb addi- 
tional energy and align in a different direetion. When the radio 
waves are turned off, the hydrogen atoms abmptly realign to the 
magnetie field, giving off their excess energy at rates that depend 
on the type of tissue. A computer analyzes the emitted energy to 
produce an image of the body. MRI ean “see” elearly through the 
skull and vertebral column to produce images of the nervous tis- 
sue. Moreover, it is better than CT for distinguishing between soft 
tissues such as the white and gray matter of the brain. It also avoids 
the harmful effeets of X-rays. A disadvantage of MRI is that the 
patient must lie eompletely still in the enelosed spaee for about 45 
minutes to sean one region of the body, and a eomplete procedure 
may entail 90 minutes to sean multiple regions such as the abdomi- 
nal and pelvie eavities. Some patients find they eannot do this. 


MRI is also not very suitable for gastrointestinal imaging because 
it requires long exposures and the stomaeh and intestines move too 
much to ereate a sharp image. Functional MRI (JMRI) is a form of 
MRI that visualizes moment-to-moment ehanges in tissue func- 
tion; fMRI seans of the brain, for example, show shifting patterns 
of aetivity as the brain applies itself to a speeifie sensory, mental, 
or motor task. 


Apply What You Know 

The eoneept of MRI was eoneeived in 1948 but could not be 
put into elinieal praetiee until the 1970s. Speculate on a possible 
reason for this delay. 
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Positron Emission Tomography 

Positron emission tomography (the PET sean) is used to assess the 
metabolie state of a tissue and to distinguish which tissues are most 
aetive at a given moment (fig. 1.3e). The procedure begins with an 
injeetion of radioaetively labeled glucose, which emits positrons 
(eleetron-like partieles with a positive eharge). When a positron and 
eleetron meet, they annihilate eaeh other and give off gamma rays that 
ean be deteeted by sensors and proeessed by computer. The result is a 
eolor image that shows which tissues were using the most glucose. In 
eardiology, PET seans ean show the extent of tissue death from a heart 
attaek. Sinee damaged tissue consumes little or no glucose, it appears 
dark. In neuroscience, PET seans ean similarly reveal the extent of brain 
damage from stroke or trauma. PET seans are also widely used to diag- 
nose eaneer and evaluate tumor status. The PET sean is an example of 
nuclear medieine —the use of radioisotopes to treat disease or to form 
diagnostie images of the body. 

Sonography 

Sonography 9 is the seeond oldest and seeond most widely used 
method of imaging. A handheld deviee pressed against the skin emits 
high-frequency ultrasound waves and reeeives the signals refleeted 
baek from internal organs. Sonography avoids the harmful effeets 
of X-rays, and the equipment is relatively inexpensive and portable. 
Its primary disadvantage is that it does not produce a very sharp 
image. Although sonography was first used medieally in the 1950s, 
images of signifieant elinieal value had to wait until computer teeh- 
nology had developed enough to analyze differenees in the way tis- 
sues refleet ultrasound. Sonography is not very useful for examining 
bones or lungs, but it is the method of ehoiee in obstetries, where the 
image (sonogram) ean be used to loeate the plaeenta and evaluate 
fetal age, position, and development (fig. 1.4). Sonography ean also 
be used to view tissues in motion, such as fetal movements, a beating 
heart, and blood ejeetion from the heart. Sonographie imaging of the 
beating heart is ealled eehoeardiography. 

Variation in Human Structure 

A quick look around any elassroom is enough to show that no two humans 
look exactly alike; on elose inspeetion, even identieal twins exhibit differ- 
enees. Anatomy atlases and textbooks ean easily give you the impression 
that everyone’s internal anatomy is the same, but this simply is not tme. 
Books such as this one ean teaeh you only the most eommon structure— 
the anatomy seen in approximately 70% or more of people. Someone 
who thinks that all human bodies are the same internally would make a 
very confused medieal student or an ineompetent surgeon. 

Some people eompletely laek eertain organs. For example, most 
of us have a palmaris longus muscle in the forearm and a plantaris 
muscle in the leg, but not everyone. Most of us have five lumbar ver- 
tebrae (bones of the lower spine), but some have four and some have 
six. Most of us have one spleen, but some people have two. Most 
have two kidneys, but some have only one. Most kidneys are sup- 
plied by a single renal artery and drained by one ureter, but in some 
people, a single kidney has two renal arteries or ureters. Figure 1.5 
shows some eommon variations in human anatomy, and Deeper 
Insight 1.1 deseribes a particularly dramatie variation. 


9 sono = sound; graphy = reeording proeess 



Figure 1.4 Fetai 

Sonography. This three- 
dimensional fetal image was 
made at 32 weeks of gestation 
Why is sonography safer for 
the fetus than radiography or 
computed tomography? 




DEEPER INSIGHT 



Situs lnversus and Other Unusual Anatomy 

ln most people, the heart tilts toward the left, the spleen and 
sigmoid eolon are on the left, the liver and gallbladder lie mainly 
on the right, the appendix is on the right, and so forth. This nor- 
mal arrangement of the viseera is ealled situs (SITE-us) solitus. 
About 1 in 8,000 people is born, however, with a striking devel- 
opmental abnormality ealled situs inversus—tìr\e organs of the 
thoraeie and abdominal eavities are reversed between right and 
left. A seleetive left-right reversal of the heart is ealled dextro- 
eardia. In situs perversus, a single organ occupies an atypieal 
position, not neeessarily a left-right reversal—for example, a 
kidney loeated low in the pelvie eavity instead of high in the 
abdominal eavity. 

Some eonditions, such as dextrocardia in the absenee of 
eomplete situs inversus, ean cause serious medieal problems. 
Complete situs inversus, however, usually causes no feinetional 
problems because all of the viseera, though reversed, main- 
tain their normal relationships to eaeh other. Situs inversus is 
often diagnosed prenatally by sonography, but many people 
remain unaware of their eondition for several deeades until it 
is diseovered by medieal imaging, on physieal examination, or 
in surgery. However, you ean easily imagine the importanee of 
such eonditions in diagnosing appendieitis, performing gallblad- 
der surgery, interpreting an X-ray, auscultating the heart valves, 
or reeording an eleetroeardiogram. 
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Pelvie kidney 



Horseshoe kidney 




Variations in branehes of the aorta 

Figure 1.E Variations in Anatomy of the Kidneys and Major Arteries near the Heart. 


Apply What You Know 

People who are allergie to penieillin or aspirin often wear 
Medie Alert braeelets or neeklaees that note this faet in 
ease they need emergeney medieal treatment and are 
unable to communicate. Why would it be important for a 
person with situs inversus to have this noted on a Medie 
Alert braeelet? 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. How does functional morphology differ from the sort of 
anatomy taught by a photographie atlas of the body? 

2. Why would regional anatomy be a better learning approaeh 
than systemie anatomy for a eadaver disseetion course? 

3. What is the differenee between radiology and radiography? 

4. What are some reasons that sonography would be unsuit- 
able for examining the size and loeation of a brain tumor? 
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Expected Learning Outcomes 


When you have eompleted this seetion, you should be 

able to 

a. list in proper order the levels of structural complexity 
of the body, from organism to atoms; 

b. name the human organ systems and state the basie 
functions and eomponents of eaeh; 

e. deseribe anatomieal position and explain why it is 
important in medieal language; 

d. identify the three fundamental anatomieal planes of 
the body; 

e. define several terms that deseribe the loeations of 
structures relative to eaeh other; 

f. identify the major body regions and their subdivisions; 

g. name and deseribe the body eavities and the 
membranes that line them; and 

h. explain what a potential spaee is, and give some 
examples. 


The ehapters that follow assume a eertain eore, eommon language 
of human structure. You will need to know what we mean by the 
names for the major body eavities and regions, know the differenee 
between a tissue and an organ, and know where to look if you read 
that structure X is distal or medial to structure Y, for example. This 
seetion introduces this eore terminology. 


Organism 




System 


Macromolecule 




Organelle 


Atom 


Molecule 


Levels of Human Structure 

Although this book is eoneerned mainly with gross anatomy, the 
study of human structure spans all levels from the whole organ- 
ism down to the atomie level. Consider for a moment an analogy 
to human structure: The English language, like the human body, is 
very complex, yet an endless array of ideas ean be eonveyed with a 
limited number of words. All words in the English language are, in 
turn, eomposed of various eombinations of just 26 letters. Between 
the alphabet and a book are successively more complex levels of 
organization: syllables, words, sentenees, paragraphs, and ehapters. 
Humans have an analogous hierarehy of complexity (fig. 1.6), as 
follows: 

The organism is eomposed of organ systems, 
organ systems are eomposed of organs, 
organs are eomposed of tissues, 
tissues are eomposed of eells, 

eells are eomposed (in part) of organelles, 
organelles are eomposed of molecules, and 
molecules are eomposed of atoms. 

The organism is a single, eomplete individual, eapable of aet- 
ing separately from other individuals. 


Figure 1.6 The Body’s Structural Hierarehy from the Level of 
Organism to Atom. Eaeh level depends on the structure and function 
of the level below it. 


An organ system is a group of organs that earries out a 
basie function of the organism such as circulation, respiration, 
or digestion. The human body has 11 organ systems, defined and 
illustrated in the next seetion. Usually, the organs of a system are 
physieally intereonneeted, such as the kidneys, ureters, urinary 
bladder, and urethra that eompose the urinary system. The endo- 
erine system, however, is a group of hormone-seereting glands 
and tissues that, for the most part, have no physieal eonneetion 
to eaeh other. 

An organ is any structure that has definite anatomieal bound- 
aries, is visually distinguishable from adjaeent organs, and is eom- 
posed of two or more tissue types working together to earry out a 
particular function. Most organs and higher levels of structure are 
within the domain of gross anatomy. However, there are organs 
within organs—the large organs visible to the naked eye eontain 
smaller organs, some of which are visible only with the miero- 
seope. The skin, for example, is the body’s largest organ. Included 
within it are thousands of smaller organs: Eaeh hair folliele, nail, 
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sweat gland, nerve, and blood vessel of the skin is an organ in 
itself. 

A tissue is a mass of similar eells and eell products that forms 
a diserete region of an organ and performs a speeifie function. 
The body is eomposed of only four primary elasses of tissue— 
epithelial, eonneetive, nervous, and muscular tissue. Histology, the 
study of tissues, is the subject of ehapter 3. 

Cells are the smallest units of an organism eonsidered to be 
alive. A eell is enelosed in a plasma membrane eomposed of lipids 
and protein, and it usually has one nucleus, an organelle that eon- 
tains most of its DNA. Cytology, the study of eells and organelles, 
is the subject of ehapter 2. 

Organelles 10 are mieroseopie structures in a eell that earry 
out its individual functions, much like organs such as the heart, 
liver, and kidneys earry out individual functions of the whole body. 
Organelles include the nucleus, mitoehondria, lysosomes, eentri- 
oles, and others. 

Organelles and other cellular eomponents are eomposed of 
molecules —partieles of at least two atoms joined by ehemieal 
bonds. The largest molecules, such as proteins, fats, and DNA, are 
ealled maeromoleeiíles. 


The Human Organ Systems 

As remarked earlier, human structure ean be learned from the 
perspeetive of regional anatomy or systemie anatomy. This book 
takes the systemie approaeh, in which we will fully examine one 
organ system at a time. There are 11 organ systems in the human 
body, as well as an immune system, which is better deseribed 
as a population of eells that inhabit multiple organs rather than 
as an organ system. The organ systems are illustrated and sum- 
marized in figure 1.7 in the order that they are eovered by this 
book. They are elassified in the following list by their prineipal 
functions, although this is an unavoidably flawed elassifieation. 
Some organs belong to two or more systems—for example, the 
male urethra is part of both the urinary and reproductive systems; 
the pharynx is part of the digestive and respiratory systems; 
and the mammary glands belong to both the integumentary and 
female reproductive systems. 


Systems of Proteetion, Support, and Movement 

Integumentary system 
Skeletal system 
Muscular system 

Systems of Internal Communication and Integration 

Nervous system 
Endoerine system 

Systems of Fluid Transport 

Circulatory system 
Lymphatie system 


10 e//e = little 
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Systems of Intake and Output 

Respiratory system 
Digestive system 
Urinary system 

Systems of Reproduction 

Male reproductive system 
Female reproductive system 

Some medieal terms eombine the names of two functionally 
related systems—for example, the musculoskeletal system, eardio- 
pulmonary system, and urogenital (genitourinary) system. Such 
terms serve to eall attention to the elose anatomieal or physiologi- 
eal relationship between two systems, but these are not literally 
individual organ systems. 

The Terminology of Body Orientation 

When anatomists deseribe the body, they must indieate where one 
structure is relative to another, the direetion in which a nerve or 
blood vessel travels, the direetions in which body parts move, and 
so forth. Clear communication on such points requires a universal 
terminology and frame of referenee. 

Anatomieal Position 

In deseribing the human body, anatomists assume that it is in 
anatomieal position —that of a person standing upright with the 
feet flat on the floor and elose together, arms at the sides, and 
the palms and faee direeted forward (fig. 1.8). Without such a 
frame of referenee, to say that a structure such as the sternum, 
thymus, or aorta is “above the heart” would be vague, sinee it 
would depend on whether the subject was standing, lying faee 
down, or lying faee up. From the perspeetive of anatomieal posi- 
tion, however, we ean deseribe the thyroid gland as superior to 
the heart, the sternum as anterior (ventral) to it, and the aorta as 
posterior (dorsal) to it. These deseriptions remain valid regard- 
less of the subject’s position. Even if the body is lying down, 
such as a eadaver on the medieal student’s disseetion table, to say 
that the sternum is anterior to the heart invites the viewer to 
imagine the body standing in anatomieal position and not to 
eall it í4 above the heart” simply because that is the way the body 
happens to be lying. 

Unless stated otherwise, assume that all anatomieal deserip- 
tions refer to anatomieal position. Bear in mind that if a subject 
is faeing you in anatomieal position, the subject’s left will be on 
your right and viee versa. In most anatomieal illustrations, for 
example, the left atrium of the heart appears toward the right 
side of the page, and although the appendix is loeated in the right 
lower quadrant of the abdomen, it appears on the left side of most 
ilhistrations. 

The forearm is said to be supinated when the palms faee up or 
anteriorly and pronated when they faee down or posteriorly (see 
fig. 9.13, p. 217); in anatomieal position, the forearm is supinated. 
The words prone and supine seem similar to these but have an 
entirely different meaning. A person is prone if lying faee down, 
and supine if lying faee up. 
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V 


Prineipal organs: 


Skin, hair, nails, 
cutaneous glands 


Prineipal functions: 
Proteetion, water retention, 
thermoregulation, vitamin 
D synthesis, cutaneous 
sensation, nonverbal 
communication 



Prineipal organs: 
Bones, eartilages, 
ligaments 


Prineipal functions: 
Support, movement, 
proteetive enclosure of 
viseera, blood formation 
mineral storage, 
eleetrolyte and aeid-base 
balanee 




Prineipal organs: 
Skeletal muscles 


Prineipal functions: 
Movement, stability, 
communication, eontrol 
of body openings, heat 
production 


Integiimentary system 


Skeletal system 


Muscular system 



Prineipal organs: 
Lymph nodes, 
lymphatie vessels, 
thymus, spleen, tonsils 


Prineipal functions: 
Reeovery of excess 
tissue fluid, deteetion of 
pathogens, production 
of immune eells, defense 
against disease 




Prineipal organs: 


Nose, pharynx, larynx, 
traehea, bronehi, lungs 


Prineipal functions: 
Absorption of oxygen, 
diseharge of earbon 
dioxide, aeid-base 
balanee, speeeh 



Prineipal organs: 
Kidneys, ureters, urinary 
bladder, urethra 


Prineipal functions: 
Elimination of wastes; 
regulation of blood 
volume and pressure; 
stimulation of red blood 
eell formation; eontrol 
of fluid, eleetrolyte, 
and aeid-base balanee; 
detoxification 



(a) 


Lymphatie system 


Respiratory system 


Llrinary system 


Figiire 1.7 The 11 Human Organ Systems 
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Prineipal organs: 

Brain, spinal eord, nerves, 
ganglia 


Prineipal functions: 
Rapid internal 
communication, 
eoordination, 
motor eontrol 
and sensation 


Nervous system 



Prineipal organs: 


Pituitary gland, 
pineal gland, thyroid gland, 
parathyroid glands, thymus, 
adrenal glands, panereas, 
testes, ovaries 


Prineipal functions: 
Hormone production; 
internal ehemieal 
communication and 
eoordination 



Prineipal organs: 
Heart, blood vessels 


Prineipal functions: 
Distribution of nutrients, 
oxygen, wastes, 
hormones, eleetrolytes, 
heat, immune eells, 
and antibodies; 
fluid, eleetrolyte, and 
aeid-base balanee 



Endoerine system 


Circulatory system 





Prineipal organs: 


Teeth, tongue, salivary 
glands, esophagus, 
stomaeh, small and large 
intestines, liver, gallbladder, 
panereas 


Prineipal functions: 

Nutrient breakdown and 
absorption. Liver functions 
include metabolism of 
earbohydrates, lipids, 
proteins, vitamins, and 
minerals; synthesis of 
plasma proteins; disposal 
of drugs, toxins, and 
hormones; and eleansing 
of blood. 



Prineipal organs: 

Testes, epididymides, 
spermatie ducts, seminal 
vesieles, prostate gland, 
bulbourethral glands, 
penis 


Prineipal functions: 
Production and delivery 
of sperm; seeretion of 
sex hormones 




Prineipal organs: 


Ovaries, uterine tubes, 
uterus, vagina, mammary 
glands 


Prineipal functions: 
Production of eggs; site 
of fertilization and fetal 
development; fetal 
nourishment; birth; 
laetation; seeretion of 
sex hormones 


(b) Digestive system 


Male reproductive system 


Female reproductive system 
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Figure 1.8 A Person Standing in Anatomieal Position and Biseeted 
Along the Three Prineipal Planes of Referenee. 

• Whot is onother nome for the speeifie sogittol plone shovvn here? 


Anatomieal Planes 

Many views of the body are based on real or imaginary “sliees” 
ealled seetions or planes. Seetion implies an actual cut or sliee 
to reveal internal anatomy, whereas plane implies an imaginary 
flat surface passing through the body. The three major anatomieal 
planes are sagittal, frontal, and transverse (fig. 1.8). 


A sagittal 11 (SADJ-ih-tul) plane extends vertieally and divides 
the body or an organ into right and left portions. The median 
(midsagittal) plane passes through the midline of the body and 
divides it into equal right and left halves. Other sagittal planes 
parallel to this (off eenter), ealled parasagittal 12 planes, divide 
the body into unequal right and left portions. The head and pelvie 
organs are eommonly illustrated on the median plane (fig. 1.9a). 

A frontal (eoronal 13 ) plane also extends vertieally, but it is per- 
pendicular to the sagittal plane and divides the body into anterior 
(front) and posterior (baek) portions. A frontal seetion of the head, for 
example, would divide it into one portion bearing the faee and another 
bearing the baek of the head. Contents of the thoraeie and abdominal 
eavities are eommonly shown in frontal seetion (fig. 1.9b). 

A transverse (horizontal) plane passes aeross the body or an 
organ perpendicular to its long axis (fig. 1.9c); it divides the body 
into superior (upper) and inferior (lower) portions. CT seans are 
typieally transverse seetions (see fig. 1.3c), but not always. 

Direetional Terms 

In “navigating” the human body and deseribing the loeations of 
structures, anatomists use a set of standard direetional terms 
(table 1.1). You will need to be very familiar with these in order to 
understand anatomieal deseriptions later in this book. The terms 
assume that the body is in anatomieal position. 

Most of these terms exist in pairs with opposite meanings: 
anterior versus posterior, superior versus inferior, medial versus 
lateral, proximal versus distal, and superficial versus deep. Inter- 
mediate direetions are often indieated by eombinations of these 
terms. For example, one structure may be deseribed as anterolat- 
eral to another (toward the front and side). 

The terms proximal and distal are used espeeially in the anat- 
omy of the limbs, with proximal used to denote something relatively 
elose to the limb’s point of attaehment (the shoulder or hip joint) and 
distal to denote something farther away. These terms do have some 


^sagitta = arrovv 
u para = next to 
u corona = erovvn; al = like 





(a) Sagittal seetion (b) Frontal seetion (e)Transverse seetion 

Figure 1.9 Seetions of the Body in the Three Primary Anatomieal Planes. (a) Sagittal seetion of the pelvie region. (b) Frontal seetion of the 
thoraeie region. (e) Transverse seetion ofthe head at the level ofthe eyes. 
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TABLE 1.1 Direetional Terms in Human Anatomy 


Term 

Meaning 

Anterior 

Toward the front of the body 

Posterior 

Toward the baek of the body 

Ventral 

Toward the anterior side* 

Dorsal 

Toward the posterior side* 

Superior 

Above 

Inferior 

Below 

Cephalic 

Toward the head or superior end 

Rostral 

Toward the forehead or nose 

Caudal 

Toward the tail or inferior end 

Medial 

Toward the midline of the body 

Lateral 

Away from the midline of the body 

Proximal 

Closer to the point of attaehment or origin 

Distal 

Farther from the point of attaehment or origin 

Ipsilateral 

On the same side of the body (right or left) 

Contralateral 

On opposite sides of the body (right and left) 

Superficial 

Closer to the body surface 


Examples of Usage 

The sternum is onterior to the heart. 

The esophagus is posterior to the traehea. 

The abdomen is the ventrol side of the body. 

The scapulae are dorsol to the rib eage. 

The heart is superior to the diaphragm. 

The liver is inferior to the diaphragm. 

The eepholie end of the embryonie neural tube develops into the brain. 
The forebrain is rostrol to the brainstem. 

The spinal eord is coudol to the brain. 

The heart is mediol to the lungs. 

The eyes are loterol to the nose. 

The elbow is proximol to the wrist. 

The fingernails are at the distol ends of the fingers. 

The liver is ipsiloterol to the appendix. 

The spleen is eontroloterol to the liver. 

The skin is superficiol to the muscles. 

The bones are deep to the muscles. 


Deep Farther from the body surface 

*In humans only; definition differs for other animals. In human anatomy, anterior and posterior are usually used in plaee of ventral and dorsal. 


applieations to anatomy of the trnnk of the body—for example, in 
referring to eertain aspeets of the intestines and the mieroseopie 
structure of the kidneys. But when deseribing the trunk and refer- 
ring to a structure that lies above or below another in anatomieal 
position, superior and inferior are the preferred terms. These terms 
are not usually used for the limbs. Although it may be teehnieally 
eorreet, one would not generally say the elbow is superior to the 
wrist. Rather, it is proximal to the wrist. 

Because of the bipedal, upright stanee of humans, some 
direetional terms have different meanings for humans than they 
do for other animals. Anterior, for example, denotes the region 
of the body that leads the way in normal loeomotion. For a four- 
legged animal such as a eat, this is the head end of the body; 
for a human, however, it is the front of the ehest and abdomen. 
What we eall anterior in a human would be ealled ventral in a 
eat. Posterior denotes the region that eomes last in normal loeo- 
motion—the tail end of a eat but the baek of a human. In the 
anatomy of most other animals, ventral denotes the surface of the 
body elosest to the ground and dorsal denotes the surface farthest 
away from the ground. These two words are too entrenehed in 
human anatomy to eompletely ignore them, but we will minimize 
their use in this book to avoid confusion. You must keep such 
differenees in mind, however, when disseeting other animals for 
eomparison to human anatomy. 


One vestige of the term dorsal is dorsiim, used to denote the 
upper surface of the foot and the baek of the hand. If you eonsider 
how a quadrupedal animal stands, the eorresponding surfaces of its 
paws are both uppermost, faeing the same direetion as the dorsal 
side of its tmnk. Although these surfaces of the human hand and 
foot faee entirely different direetions in anatomieal position, the 
term dorsnm is still used. 


Major Body Regions 

Knowledge of the external anatomy and landmarks of the body is 
important in performing a physieal examination and many other 
elinieal procedures. For purposes of study, the body is divided 
into two major regions ealled the axial and appendicular regions. 
Smaller areas within the major regions are deseribed in the follow- 
ing paragraphs and illustrated in figure 1.10. 


Axial Region 

The axial region eonsists of the head, neek (eervieal 14 region), 
and trunk. The trunk is further divided into the thoraeie region 
above the diaphragm and the abdominal region below it. 


14 cen//'c = neek 








© McGraw-Hill Education/Joe De Grandis, photographer 
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Llpper limb: 
Aeromial r. 
(shoulder) 


Axillary r. (armpit) 


Braehial r. (arm) 
Cubital r. (elbow) 


Antebraehial r. 
(forearm) 

Carpal r. (wrist) 


Palmar r. (palm) 


Lower limb: 
Coxal r. (hip) 


Patellar r. (knee) 



Cephalic r. (head) 
Faeial r. (faee) 


Cervical r. (neek) 


Thoraeie r. (ehest) 
- Sternal r.- 


Peetoral r. 


Llmbilieal r. 


Abdominal r. 


Inguinal r. (groin) 

Pubic r.: 

- Mons pubis 


External genitalia 
Penis- 


Scrotum 
Testes — 


Lower limb: 

- Femoral r. (thigh) 


Crural r. (leg) 


Tarsal r. (ankle) 

Pedal r. (foot): 
— Dorsum- 


(a) Anterior (ventral) 


Plantar surface 
(sole) 




Cranial r.- 

Nuchal r.- 

(baek of neek) 

lnterscapular r. 
Scapular r.- 

Vertebral r.- 

Lumbar r.- 

Saeral r.- 

Gluteal r.- 

(buttock) 

Dorsum of hand 

Perineal r.- 

Femoral r.- 

Popliteal r.- 

Crural r.- 


Tarsal r. — 

Calcaneal r. 
(heel) 


(e) Posterior (dorsal) 



(b) Anterior (ventral) 



(d) Posterior (dorsal) 


Figiire 1.10 The Adult Female and Male Body Regions. (r. = region) 


© McGraw-Hill Education/Joe De Grandis, photographer 
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One way of referring to the loeations of abdominal structures 
is to divide the region into quadrants. Two perpendicular lines 
interseeting at the umbilicus (navel) divide the abdomen into a 
right upper quadrant (RUQ), right lower quadrant (RLQ), 
left upper quadrant (LUQ), and left lower quadrant (LLQ) 
(fig. l.lla, b). The quadrant seheme is often used to deseribe the 
site of an abdominal pain or abnormality. 

The abdomen also ean be divided into nine regions defined 
by four lines that interseet like a tie-tae-toe grid ( ig. 1.1 le, d). 
Eaeh vertieal line is ealled a midclavicular line because it passes 


through the midpoint of the elaviele (eollarbone). The superior 
horizontal line is ealled the subcostal 15 line because it eonneets 
the inferior borders of the lowest eostal eartilages (eartilages eon- 
neeting the tenth rib on eaeh side to the inferior end of the ster- 
num). The inferior horizontal line is ealled the intertubercular 16 
line because it passes from left to right between the tubercles 
(anterior superior spines) of the hip bones—two points of bone 


15 sl/ò = belovv; eost = rib 

16 /'r?fer = betvveen; tubercul = little svvelling 



(a) 


(b) 




Midclavicular 

line 


Hypoehondriae 

region 


Subcostal line 


Lumbar 

region 


lntertubercular 

line 

lnguinal region 





i 




\ 


Stomaeh 


lOth rib 


Anterior 

superior 

spine 



Liver 

Gallbladder 
lOth rib 


Large 

intestine 

Small 

intestine 


Llrinary 

bladder 

(Jrethra 


(e) 


(d) 


Figure 1.11 The Four Quadrants and Nine Regions of the Abdomen. (a) External division into four quadrants. (b) Internal anatomy eorrelated with 
the quadrants. (e) External division into nine regions. (d) Internal anatomy eorrelated with the nine regions. 
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loeated about where the front poekets open on most pants. The 
three lateral regions of this grid, from upper to lower, are the left 
and right hypoehondriae , 17 liimbar, and inguinal 18 regions. The 
three medial regions from upper to lower are the epigastrie , 19 
mnbilieal, and hypogastrie (pubic) regions. 

Appendicular Region 

The appendicular (AP-en-DIC-you-lur) region of the body eon- 
sists of the upper limbs and lower limbs (also ealled appendages 
or extremities). The upper limb includes the arm (braehial region, 
BRAY-kee-ul), forearm (antebraehial 20 region, AN-teh-BRAY- 
kee-ul), wrist (earpal region), hand (manual region), and fin- 
gers (digits). The lower limb inehides the thigh (femoral region), 
leg (crural region, CROO-rul), ankle (tarsal region), foot (pedal 
region, PEE-dul), and toes (digits). In striet anatomieal terms, arm 
refers only to that part of the upper limb between the shoulder and 
elbow. Leg refers only to that part of the lower limb between the 
knee and ankle. 

A segment of a limb is a region between one joint and the next. 
The arm, for example, is the segment between the shoulder and 
elbow joints, and the forearm is the segment between the elbow 
and wrist joints. Slightly flexing your fingers, you ean easily see 
that your thumb has two segments (proximal and distal), whereas 
the other four digits have three segments (proximal, middle, and 
distal). The segment eoneept is espeeially useful in deseribing the 
loeations of bones and muscles and the movements of the joints. 


v hypo = belovv; ehondr = eartilage 
™inguin = groin 

19 ep/ = above, over; gostr = stomaeh 
20 ante = fore, before; braehi = arm 


Body Cavities and Membranes 

The body wall eneloses several body eavities, eaeh lined by a 
membrane and eontaining internal organs ealled the viseera 
(VISS-er-uh) (singular, viscus 21 ) (fig. 1.12, table 1.2). 


2 V/'sci/s = body organ 


TABLE 1.2 

Body Gavities and Membranes 

Name of Cavity 

Assoeiated Viseera 

Membranoiis 

Lining 

Cranial eavity 

Brain 

Meninges 

Vertebral eanal 

Spinal eord 

Meninges 

Thoraeie eavity 



Pleural eavities 

(2) 

Lungs 

Pleura 

Perieardial 

eavity 

Heart 

Pericardium 

Abdominopelvie eavity 


Abdominal 

Digestive organs, 

Peritoneum 

eavity 

spleen, kidneys, ureters 


Pelvie eavity 

Bladder, rectum, 
reproductive organs 

Peritoneum 


Thoraeie eavity 
Diaphragm 


Abdominal eavity 


Pelvie eavity 



Cranial eavity 


Vertebral eanal 


Diaphragm 



Thoraeie eavity: 

Pleural eavity 
Mediastinum 

Perieardial eavity 


Abdominopelvie eavity 
Abdominal eavity 


Pelvie eavity 


(a) Left lateral view 


(b) Anterior view 


Figure 1.12 The Major Body Cavities. 
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The Cranial Cavity and Vertebral Canal 

The eranial (CRAY-nee-ul) eavity is enelosed by the eranial bones 
(brainease) of the skull and eontains the brain. The vertebral eanal 
is enelosed by the vertebral column (spine, baekbone) and eontains 
the spinal eord. The two are continuous with eaeh other and lined 
by three membrane layers ealled the meninges (meh-NIN-jeez). 
Among other functions, the meninges proteet the delieate nervous 
tissue from the hard proteetive bone that eneloses it, and anehor the 
spinal eord to the vertebral column and limit its movement. 

The Thoraeie Cavity 

During embryonie development, a spaee ealled the eoelom (SEE- 
loam) forms within the trnnk (see fig. 4.5c, p. 91). It subsequently 
beeomes partitioned by a muscular sheet, the diaphragm, into a 
superior thoraeie eavity and an inferior abdominopelvie eavity. B oth 
eavities are lined with thin serous membranes, which seerete a lubri- 
eating film of moisture similar to blood serum (henee their name). 

The thoraeie eavity is divided by a thiek partition ealled the 
mediastinum 22 (ME-dee-ah-STY-num) (fig. 1.12b). This is the region 
between the lungs, extending from the base of the neek to the dia- 
phragm, occupied by the heart, the major blood vessels eonneeted to it, 
the esophagus, the traehea and bronehi, and a gland ealled the thymus. 

A two-layered serous membrane ealled the pericardium 23 
wraps around the heart. The inner layer of the pericardium forms 
the surface of the heart itself and is ealled the viseeral (VISS- 
er-ul) pericardium (epicardium). The outer layer is ealled the 
parietal 24 (pa-RY-eh-tul) perieardimn (perieardial sae). It is 
separated from the viseeral pericardium by a spaee ealled the peri- 
eardial eavity (fig. 1.13a) (see Deeper Insight 1.2). This spaee is 
lubricated by a thin film of perieardial fluid. 



Cardiac Tamponade 

Being eonfined by the pericardium ean cause a problem for the 
heart under some circumstances. If a heart vvall vveakened by 
disease should rupture, blood spurts from the heart ehamber into 
the perieardial eavity, filling the eavity more and more vvith eaeh 
heartbeat. Diseased hearts also sometimes seep serous fluid into 
the perieardial sae. Either vvay, the effeet is the same: The periear- 
dial sae has little room to expand, so the accumulating fluid puts 
pressure on the heart, squeezing it and preventing it from refilling 
betvveen beats. This eondition is ealled eordioe tomponode. If the 
heart ehambers eannot refill, then eardiae output deelines and a 
person may die of eatastrophie circulatory failure. A similar situa- 
tion occurs if serous fluid or air accumulates in the pleural eavity, 
causing eollapse of a lung. 


The right and left sides of the thoraeie eavity eontain the 
lungs. A serous membrane ealled the pleura 25 (PLOOR-uh) wraps 
around eaeh lung (fig. 1.13b). Like the pericardium, the pleura has 
viseeral (inner) and parietal (outer) layers. The viseeral pleura 
forms the external surface of the lung, and the parietal pleura 
lines the inside of the rib eage. The narrow spaee between them is 
ealled the pleural eavity (see fig. A.l 1, p. 340). It is lubricated by 
slippery pleural fluid. 

Note that in both the pericardium and pleura, the viseeral layer 
of the membrane eovers the surface of an organ and the parietal 
layer lines the inside of a body eavity. We will see this pattern 
repeated elsewhere, including the abdominopelvie eavity. 


22 mediostinum = in the middle 

23 peri = around; eordi = heart - 

24 poriet = wall 25 pleur = rib, side 



Parietal pericardium 

Perieardial 

eavity 

Viseeral 

pericardium 


Heart 


Diaphragm 



Parietal pleura 
Pleural eavity 

Viseeral pleura 


Diaphragm 


(a) Pericardium 


(b) Pleurae 


Figure 1.13 Parietal and Viseeral Layers of the Perieardial and Pleural Membranes of the Thoraeie Cavity. 
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The Abdominopelvie Cavity 

The abdominopelvie eavity eonsists of the abdominal eavity supe- 
riorly and the pelvie eavity inferiorly. The abdominal eavity eon- 
tains most of the digestive organs as well as the spleen, kidneys, and 
ureters. It extends inferiorly to the level of a bony landmark ealled 
the brim of the pelvis (see fig. 8.6, p. 191, and fig. A.7, p. 337). 
The pelvie eavity, below the brim, is continuous with the abdominal 
eavity (no wall separates them), but it is markedly narrower and tilts 
posteriorly (see fig. 1.12a). It eontains the rectum, urinary bladder, 
urethra, and reproductive organs. 

The abdominopelvie eavity eontains a two-layered serous 
membrane ealled the peritoneum 26 (PERR-ih-toe-NEE-um). 
The parietal peritoneum lines the eavity wall. The viseeral 
peritoneum turns inward from the body wall, wraps around the 
abdominal viseera, binds them to the body wall or suspends them 
from it, and holds them in their proper plaee. The peritoneal 
eavity is the spaee between the parietal and viseeral layers. It is 
lubricated by peritoneal fluid. 

Some organs of the abdominal eavity lie against the posterior 
body wall and are eovered by peritoneum only on the side fae- 
ing the peritoneal eavity. They are said to have a retroperitoneal 27 
position (fig. 1.14). These include the kidneys; ureters; adre- 
nal glands; most of the panereas; and abdominal portions of two 
major blood vessels, the aorta and inferior vena eava (see fig. A.6, 
p. 336). Organs that are eneireled by peritoneum and eonneeted 
to the posterior body wall by peritoneal sheets are deseribed as 
intraperitoneal . 28 

The intestines are suspended from the posterior abdominal 
wall by a translucent membrane ealled the posterior mesentery 29 
(MESS-en-tare-ee), an infolding of the peritoneum (fig. 1.15). The 


26 peri = around; tone = stretehed 
27 retro = behind 
28 intro = vvithin 

29 mes = in the middle; enter = intestine 


posterior mesentery of the large intestine is ealled the mesoeolon. 
In some plaees, after wrapping around the intestines or other vis- 
eera, the mesentery continues toward the anterior body wall as the 
anterior mesentery. The most prominent example of this is a fatty 
membrane ealled the greater omentum , 30 which hangs like an 
apron from the inferolateral margin of the stomaeh and overlies 
the intestines (see fig. A.4, p. 334). It is unattached at its inferior 
border and ean be lifted to reveal the intestines. A smaller lesser 
omentum extends from the superomedial margin of the stomaeh 
to the liver. 

Where the viseeral peritoneum meets an organ such as the stom- 
aeh or small intestine, it divides and wraps around it, forming an 
outer layer of the organ ealled the serosa (seer-OH-sa) (fig. 1.14). 
The viseeral peritoneum thus eonsists of the mesenteries and serosae. 

Potential Spaees 

Some of the spaees between body membranes are eonsidered to 
be potential spaees, so named because under normal eonditions, 
the membranes are pressed firmly together and there is no actual 
spaee between them. The membranes are not physieally attaehed, 
however, and under unusual eonditions, they may separate and ere- 
ate a spaee filled with fluid or other matter. Thus, there is only a 
potential for the membranes to separate and ereate a spaee. 

The pleural eavity is one example. Normally, the parietal and 
viseeral pleurae are pressed together without a gap between them, 
but under pathologieal eonditions, air or serous fluid ean accumu- 
late between the membranes and open up a spaee. Another exam- 
ple is the internal eavity (lumen) of the uterus. In a nonpregnant 
uterus, the mucous membranes of the opposite walls are pressed 
together, so there is little or no open spaee in the organ. In preg- 
naney, of course, a growing fetus occupies this spaee and pushes 
the mucous membranes apart. 


30 omentum = eovering 
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Figure 1.14 Transverse Seetion Through the Abdomen. Shows the peritoneum (thin blue line), peritoneal eavity (with most viseera omitted), and 
some retroperitoneal organs (between peritoneum and posterior body wall). 
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Figure 1.1E Serous Membranes of the Abdominal Cavity. (a) Diagram of the abdomen in sagittal seetion, left lateral view. (b) Surgical photograph 
of an intestinal mesentery. 

• /s the Lirinary bladder in the peritoneal eavity? 


Before You Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

5. Put the following list in order from the largest and most 
complex to the smallest and least complex eomponents 
of the human body: eells, molecules, organelles, organs, 
organ systems, tissues. 

6. Name the organ system responsible for eaeh of the fol- 
lowing functions: (a) movement and distribution of blood; 
(b) water retention, sensation, and proteetion from infee- 
tion; (e) hormone seeretion; (d) nutrient breakdown and 
absorption; and (e) reeovery of excess tissue fluid and 
deteetion of pathogens in the tissues. 

7. State the direetional term that deseribes the position of 
(a) the spinal eord relative to the heart; (b) the eyes relative 
to the nose; (e) the urinary bladder relative to the intestines; 
(d) the diaphragm relative to the liver; and (e) skin relative 
to the muscles. 

8. State the alternative anatomieal terms for the regions eom- 
monly known as the neek, the sole of the foot, the lower 
baek, the buttocks, and the ealf. 

9. Name the membranes that enelose the brain, the heart, the 
lungs, and the abdominal eavity. 




The Language 

of Anatomy 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. explain why modern anatomieal terminology is so 
heavily based on Greek and Latin; 

b. reeognize eponyms when you see them; 

e. deseribe the efforts to aehieve an internationally 
uniform anatomieal terminology; 

d. discuss the Greek, Latin, or other derivations of medieal 
terms; 

e. state some reasons why the literal meaning of a word 
may not lend insight into its definition; 

f. relate singular noun forms to their plural forms; and 

g. discuss why preeise spelling is important in medieal 
communication. 


One of the greatest ehallenges faeed by anatomy students is the 
vocabulary. In this book, you will encounter such Latin terms 
as corpus callosum (a brain structure), ligamentum arteriosum 
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(a small fibrous band near the heart), and extensor earpi radialis 
longus (a forearm muscle). You may wonder why structures aren’t 
named in “just plain English,” and how you will ever remember 
such formidable names. This seetion will give you some answers 
to these questions and some useful tips on mastering anatomieal 
terminology. 

The Origins of Medieal Terms 

The major features of human gross anatomy have standard interna- 
tional names preseribed by a book titled Terminologia Anatomiea 
(TA). The TA system was eodified in 1998 by an international 
body of anatomists and approved by professional assoeiations of 
anatomists in more than 50 countries. 

About 90% of today’s medieal terms are formed from about 
1,200 Greek and Latin roots. Seientifie investigation began in 
aneient Greeee and soon spread to Rome. The Greeks and Romans 
eoined many of the words still used in human anatomy today: 
duodenum, uterus, prostate, cerebellum, diaphragm, sacrum, 
amnion, and others. In the Renaissanee, the fast paee of anatomi- 
eal diseovery required a profusion of new terms to deseribe things. 
Anatomists in different countries began giving different names to 
the same structures. Adding to the confusion, they often named 
new structures and diseases in honor of their esteemed teaehers 
and predeeessors, giving us such nondeseriptive terms as the fal- 
lopian tube and eanal of Sehlemm. Terms eoined from the names 
of people, ealled eponyms , 31 afford little clue as to what a structure 
or medieal eondition is. 

In hopes of resolving this growing confusion, anatomists began 
meeting as early as 1895 to try to devise a uniform international 
terminology. After several false starts, they agreed on a list of 
terms titled Nomina Anatomiea (NA). NA rejeeted all eponyms 
as unofficial and gave eaeh structure a unique Latin name to be 
used worldwide. Even if you were to look at an anatomy atlas in 
Korean or Arabie, the illustrations might be labeled with the same 
Latin terms as in an English-language atlas. NA served for many 
deeades until replaeed by TA, which preseribes both Latin names 
and aeeepted English equivalents. The terminology in this book 
eonforms to TA except where undue confusion would result from 
abandoning widely used, yet unofficial terms. 

Analyzing Medieal Terms 

The task of learning anatomieal terminology seems overwhelm- 
ing at first, but as you study this book, there is a simple habit 
that ean quickly make you more eomfortable with the teehnieal 
language of medieine—read the footnotes, which explain the 
roots and origins of the words. Students who find seientifie terms 
confusing and difficult to pronounce, spell, and remember usu- 
ally feel more eonfident onee they realize the logie of how terms 
are eomposed. A term such as hyponatremia is less forbidding 
onee we reeognize that it is eomposed of three eommon word 
elements: hypo- (below normal), natr- (sodium), and -emia 


31 epo = after, related to; nym — name 


(blood eondition). Thus, hyponatremia is a defieieney of sodium 
in the blood. Those three word elements appear over and over 
in many other medieal terms: hypothermia, natriuretic, anemia, 
and so on. Onee you learn the meanings of hypo-, natri-, and 
-emia, you already have the tools to at least partially understand 
hundreds of other biomedieal terms. Inside the baek eover, you 
will find a lexicon of the 400 word elements most eommonly 
footnoted in this book. 

Seientifie terms are typieally eomposed of one or more of the 
following elements: 

• At least one root (stem) that bears the eore meaning of the 
word. In eardiology, for example, the root is eardi (heart). 
Many words have two or more roots. In adipoeyte, the roots 
are adip (fat) and eyte (eell). 

• Combining vowels, which are often inserted to join roots and 
make the word easier to pronounce. The letter o is the most 
eommon eombining vowel (as in adipoeyte ), but all vowels 
are used in this way, such as a in ligament, e in vitreous, i in 
fusiform, u in ovulation, and y in taehyeardia. Some words 
have no eombining vowels. A eombination of a root and eom- 
bining vowel is ealled a eombining form: for example, odont 
(tooth) + o (the eombining vowel) make the eombining form 
odonto, as in odontoblast (a eell that produces the dentin of a 
tooth). 

• A prefix may be present to modify the eore meaning of the 
word. Lor example, gastrie (pertaining to the stomaeh or to 
the belly of a muscle) takes on a wide variety of new mean- 
ings when prefixes are added: epigastrie (above the stomaeh), 
hypogastrie (below the stomaeh), endogastrie (within the 
stomaeh), and digastrie (a muscle with two bellies). 

• A suffix may be added to the end of a word to modify its eore 
meaning. Lor example, mieroseope, mieroseopy, mieroseopie, 
and mieroseopist have different meanings because of their 
suffixes alone. Often two or more suffixes, or a root and suf- 
fix, occur together so often that they are treated jointly as a 
compound suffix; for example, log (study) + y (proeess) form 
the compound suffix -logy (the study of). 

To summarize these basie prineiples, eonsider the word gastro- 
enterology, denoting a braneh of medieine dealing with the stom- 
aeh and small intestine. It breaks down into 

gastro/entero/logy 

gastro = a eombining form meaning “stomaeh” 
entero = a eombining form meaning “small intestine” 
logy = a compound suffix meaning “the study of” 

“Disseeting” words in this way and paying attention to the 
word-origin footnotes throughout this book will help make you 
more eomfortable with the language of anatomy. Knowing how 
a word breaks down and knowing the meaning of its elements 
make it easier to pronounce a word, spell it, and remember its 
definition. 

There are a few unfortunate exceptions, however. The path 
from original meaning to current usage has often beeome obscured 
by history (see Deeper Insight 1.3). The foregoing approaeh also 
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Obscure Word Origins 

The literal translation of a vvord doesn’t alvvays provide great 
insight into its modern meaning. The history of language is full 
of tvvists and turns that are faseinating in their ovvn right and say 
much about the history of the vvhole of human culture, but they 
ean ereate confusion for students. 

For example, the omnion is a transparent sae that forms 
around the developing fetus. The vvord is derived from omnos, 
from the Greek for “lamb.” From this origin, omnos eame to mean 
a bovvl for eatehing the blood of saerifieial lambs, and from there 
the vvord found its vvay into biomedieal usage for the membrane 
that emerges (quite bloody) as part of the afterbirth. The ocetobu- 
lum, the soeket of the hip joint, literally means “vinegar cup.” The 
hip soeket reminded Pliny the Elder (23-79 CE) of the little cups 
used to serve vinegar as a eondiment on dining tables in aneient 
Rome. The vvord testieles literally means “little vvitnesses.” The 
history of medieal language has some amusing conjectures as to 
vvhy this vvord vvas ehosen to name the male gonads. 


is no help with eponyms or with aeronyms —words eomposed of 
the first letter, or first few letters, of a series of words. PEJ\ for 
example, is an aeronym for positron emission tomography. Note 
that PET is a pronounceable word, henee a tme aeronym. Aero- 
nyms are not to be confused with simple abbreviations such as 
DNA or MRI, in which eaeh letter must be pronounced separately; 
these are properly ealled initialisms. 


TABLE 1.3 

Singular and Plural Forms of Some 
Noun Terminals 

Singiilar Ending 

Plural Ending 

Examples 

-a 

-ae 

axilla, axillae 

-ax 

-aees 

thorax, thoraees 

-en 

-ina 

lumen, lumina 

-ex 

-iees 

cortex, eortiees 

-is 

-es 

diagnosis, diagnoses 

-is 

-ides 

epididymis, epididymides 

-ix 

-iees 

appendix, appendiees 

-ma 

-mata 

eareinoma, eareinomata 

-on 

-a 

ganglion, ganglia 

-um 

-a 

septum, septa 

-us 

-era 

viscus, viseera 

-us 

• 

-i 

villus, villi 

-us 

-ora 

corpus, eorpora 

-X 

-ges 

phalanx, phalanges 

-y 

-ies 

ovary, ovaries 

-yx 

-yees 

calyx, ealyees 


Variant Forms of Medieal Terms 

A point of confusion for many beginning students is how to ree- 
ognize the plural forms of medieal terms. Few people would fail 
to reeognize that ovaries is the plural of ovary, but the eonnee- 
tion is harder to make in other eases: For example, the plural of 
cortex is eortiees (COR-ti-sees), the plural of corpus is eorpora, 
and the plural of ganglion is ganglia. Table 1.3 will help you 
make the eonneetion between eommon singular and plural noun 
terminals. 

In some eases, what appears to the beginner to be two eom- 
pletely different words may be only the noun and adjeetive forms 
of the same word. For example, brachium denotes the arm, and 
braehii (as in the muscle name bieeps braehii ) means “of the arm.” 
Carpus denotes the wrist, and earpi, a word used in several muscle 
names, means “of the wrist.” Adjeetives ean also take different 
forms for the singular and plural and for different degrees of eom- 
parison. The digits are the fingers and toes. The word digiti in a 
muscle name means “of a single finger (or toe),” whereas digito- 
rum is the plural, meaning “of multiple fingers (or toes).” Thus 
the extensor digiti minimi muscle extends only the little finger, 
whereas the extensor digitomm muscle extends all fingers except 
the thumb. 


The English words large, larger, and largest are examples of 
the positive, eomparative, and superlative degrees of eomparison. 
In Latin, these are magnus, major (from maior), and maximus. We 
find these in the muscle names adductor magnus (a large muscle 
of the thigh), the peetoralis major (the larger of two peetoralis 
muscles of the ehest), and gluteus maximus (the largest of the three 
gluteal muscles of the buttock). 

Some noun variations indieate the possessive, such as the ree- 
tus abdominis, a straight (rectus) muscle of the abdomen ( abdomi- 
nis, “of the abdomen”), and the ereetor spinae, a muscle that 
straightens (ereetor) the spinal column (spinae, “of the spine”). 

Anatomieal terminology also follows the Greek and Latin 
praetiee of plaeing the adjeetive after the noun. Thus, we have such 
names as the stratum lucidum for a elear (lucidum) layer (stratum) 
of the epidermis, th eforamen magnum for a large (magnum) hole 
(foramen) in the skull, and the aforementioned peetoralis major 
muscle of the ehest. 

This is not to say that you must be eonversant in Latin or 
Greek grammar to proeeed with your study of anatomy. These few 
examples, however, may alert you to some patterns to watch for in 
the terminology you study and, ideally, will make your encounters 
with anatomieal terminology less confusing. 
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The Importanee of Preeision 

A final word of adviee for your study of anatomy: Be preeise in 
your use of anatomieal terms. It may seem trivial if you misspell 
trapezius as trapezium, but in doing so, you would be ehanging 
the name of a baek muscle to the name of a wrist bone. Simi- 
larly, ehanging oeeipitalis to oeeipital or zygomaticus to zygomatie 
ehanges other muscle names to bone names. Changing malleolm 
to malleus, omitting a small and perhaps trivial-seeming syllable, 
ehanges the name of the bony protuberance of your ankle to the 
name of a tiny middle-ear bone. A “little” error such as misspelling 
ileum as ilium ehanges the name of part of the small intestine to the 
name of a hip bone. Again, a “mere” one-letter differenee distin- 
guishes gustation (the sense of taste) from gestation (pregnaney). 

The health professions demand the utmost attention to detail 
and preeision—people’s lives may one day be in your hands. The 
habit of carefulness must extend to your use of language as well. 
Many patients die because of tragie miscommunication in the hos- 
pital. Compared to this, it is hardly tragie if an instmetor deducts a 
point or two for a small error in spelling. It should be eonsidered a 
lesson learned about the importanee of accuracy. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

10. Explain why modern anatomieal terminology is so heavily 

based on Greek and Latin. 

11. Distinguish between an eponym and an aeronym, and 
explain why both of these present difficulties for interpret- 
ing anatomieal terms. 

12. Break the following words down into their roots, prefixes, 

and suffixes and state their meanings, following the exam- 
ple of gastroenterology analyzed earlier: pericordium, 
oppendeetomy, subcutoneous, orterioselerosis, hypereol- 
eemia. Consult the list of word elements inside the baek 
eover of the book for help. 

13. Write the singular form of eaeh of the following words: 

pleuroe, gyri, lumina, gonglio, fissures. Write the plural form 
of eaeh of the following: villus, tibio, eneepholitis, cervix, 
stomo. 


TUDY G U I D 


Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

1.1 The Seope of Human Anatomy (p. 2) 

1. The distinetion between the seienees of 
anatomy and physiology, and the way 
functional morphology unites the two 

2. The distinetions between gross, miero- 
seopie, surface, radiologie, systemie, 
regional, and eomparative anatomy 

3. Examples of what a physieian might be 
looking for when he or she employs simple 
inspeetion, palpation, auscultation, and 
percussion with a patient 

4. Ways in which disseetion differs from 
exploratory surgery, and why exploratory 
surgery is far less eommon now than it was 

in the 1950s 

5. The prineiples behind radiography, eom- 
puted tomography (CT), magnetie reso- 
nanee imaging (MRI), positron emission 
tomography (PET), and sonography 

6. Differenees between invasive and noninva- 
sive methods of medieal imaging 

7. Reasons why the anatomy presented in this 
book may not apply to every human being 

1.2 The Human Body Plan (p. 8) 

1. The successive levels of human structural 
complexity from atom to organism 


2. Correlation between the levels of human 
structure and the seienees of gross anat- 
omy, histology, eytology, and ultrastructure 

3. The 11 human organ systems, including 
the basie functions and major organs of 
eaeh 

4. Anatomieal position and why it is impor- 
tant in anatomieal communication 

5. What it means to say the forearm is pro- 
nated or supinated, and how this differs 
from the meanings of prone and supine 

6. The three primary anatomieal planes, and 
what a given region of the body (such as 
midthoraeie) would look like in eaeh of 
these planes 

7. The distinetions between anterior and 
posterior; eephalie, rostral, and cau- 
dal; superior and inferior; medial and 
lateral; proximal and distal; ipsilat- 
eral and eontralateral; and superficial 
and deep; and the ability to use these 
terms eorreetly in deseriptive anatomieal 
sentenees 

8. Why the words anterior and posterior are 
preferable to ventral and dorsal for most 
purposes in human anatomy, and why ven- 
tral and dorsal would be more relevant to 
disseetion of a eat than to disseetion of the 
human eadaver 

9. The prineipal body parts of the axial region 
and the appendicular region 


10. The landmarks used to divide the abdomen 
into four quadrants, and the name of eaeh 
quadrant 

11. The landmarks used to divide the abdomen 
into a 3 x 3 grid, and the names of eaeh of 
the 9 resulting regions 

12. Names of the eavities that house the brain 
and spinal eord, and of the membranes that 
line these eavities 

13. Landmarks that divide the thoraeie, abdom- 
inal, and pelvie eavities from eaeh other 

14. The names of the eavities that enfold the 
heart and lungs; names of the membranes 
that line these eavities; names of the rela- 
tively superficial and deep layers of eaeh 
of these two-layered membranes; and 
names of the fluids that hibrieate these 
membranes and allow for painless heart 
and lung movements 

15. The name of the membrane that lines the 
abdominal eavity; the name of its lubri- 
eating fluid; and the term for organs that 
lie between this membrane and the body 

wall 

16. The name of the serous membranes that 
suspend and bind the abdominal organs, 
and the name for the outer surface of an 
organ formed by this membrane passing 
around it 

17. The meaning of potential spaees, and 
some examples 
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1.3 The Language of Anatomy (p. 19) 

1. The reason so many medieal terms are 
based on Latin and Greek 

2. The role of Terminologia Anatomiea (TA) 
in modern medieal terminology, and the 
problems that it is meant to solve 

3. How to divide medieal terms such as his- 
tology, eardiovaseiilar, anatomy, endo- 
metrium, pseudostratified, subcutaneous, 
eortieospinal, and hypodermie into their 


prefixes, roots, eombining forms, and suf- 
fixes, and how to reeognize eombining 
vowels where they exist 

4. The differenees between an eponym and 
an aeronym, and between an aeronym and 
an abbreviation, with medieal examples of 
eaeh 

5. Reeognition of the singular and plural 
forms of the same term, as in extensor 
digiti and extensor digitorum 


6. Reeognition of the positive, eompara- 
tive, and superlative forms of the same 
term, as in the seeond word of addnetor 
magnus, peetoralis major, and gluteus 
maximus 

7. The importanee of accurate spelling; why 
even one-letter or other trivial-seeming 
errors may be very signifieant in elinieal 
praetiee; and examples of where this may 

appiy 


Testing Your Reeall 


1. Structure that ean be observed with the 
naked eye is ealled 

a. gross anatomy. 

b. ultrastructure. 

e. mieroseopie anatomy. 

d. maeroseopie anatomy. 

e. eytology. 

2. Which of the following techniques requires 
an injeetion of radioisotopes into a patient’s 
bloodstream? 

a. sonography d. a CT sean 

b. a PET sean e. an MRI sean 

e. radiography 

3. The simplest structures eonsidered to be 
alive are 

a. organs. d. organelles. 

b. tissues. e. proteins. 

e. eells. 

4. The tarsal region is_to the popliteal 

region. 

a. medial d. dorsal 

b. superficial e. distal 

e. superior 

5. The_region is immediately medial to 

the coxal region. 

a. inguinal 

b. hypoehondriae 
e. umbilical 

d. popliteal 

e. cubital 


6. Which of these regions is not part of the 
upper limb? 

a. plantar d. braehial 

b. earpal e. palmar 

e. cubital 

7. Which of these organs is intraperitoneal? 

a. urinary bladder d. small intestine 

b. kidney e. brain 

e. heart 

8. Which of these is not an organ system? 

a. muscular system 

b. integumentary system 
e. endoerine system 

d. lymphatie system 

e. immune system 

9. The term histology is most nearly equiva- 
lent to 

a. histopathology. 

b. mieroseopie anatomy. 
e. eytology. 

d. ultrastructure. 

e. systemie anatomy. 

10. An imaging technique that exposes the 
patient to no harmful radiation is 

a. radiography. 

b. positron emission tomography (PET). 
e. computed tomography (CT). 

d. magnetie resonanee imaging (MRI). 

e. angiography. 

11. Cutting and separating tissues to reveal their 

structural relationships is ealled_. 


12. The forearm is said to be_when the 

palms are faeing forward. 

13. The relatively superficial layer of the 

pleura is ealled the_pleura. 

14. Abdominal organs that lie against the pos- 

terior abdominal wall and are eovered with 
peritoneum only on the anterior side are 
said to have a/an_position. 

15. _ is a seienee that doesn’t merely 

deseribe bodily structure but interprets 
structure in terms of its function. 

16. When a doetor presses on the upper abdo- 

men to feel the size and texture of the liver, 
he or she is using a technique of physieal 
examination ealled_. 

17. _is a method of medieal imaging that 

uses X-rays and a computer to generate 
images of thin sliees of the body. 

18. A/An_is the simplest body structure 

to be eomposed of two or more types of 
tissue. 

19. The left hand and left foot are_to 

eaeh other, whereas the left hand and right 
hand are_to eaeh other. 

20. The anterior pit of the elbow is ealled the 

_region, whereas the eorresponding 

(but posterior) pit of the knee is ealled the 
_region. 

Answers in appendix A 


Biiilding Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 
following word elements, and give a term in 
which it is used. 


3. morpho- 

4. hypo- 

5. -ation 

6. -elle 

7. palp- 


1. ana- 

2. -graphy 


8. ante- 

9. intra- 
10. auscult- 


Answers in appendix A 
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True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. Regional anatomy is a variation of gross 
anatomy. 

2. A single sagittal seetion through the body 
could show one lung but not both. 

3. Abnormal skin eolor or dryness could be 
one pieee of diagnostie information gained 
by auscultation. 

Testing Your Comprehension 

1. Classify eaeh of the following radiologie 
techniques as invasive or noninvasive and 
explain your reasoning for eaeh: angiogra- 
phy, sonography, CT, MRI, and PET. 

2. Beginning medieal students are always 
told to examine multiple eadavers and not 
eonfine their study to just one. Other than 
the obvious purpose of studying both male 
and female anatomy, why is this instme- 
tion so important in medieal education? 


4. Radiology refers only to those medieal 
imaging methods that use radioisotopes. 

5. It is more harmful to have only the heart 
reversed from left to right than to have 
all of the thoraeie and abdominal organs 
reversed. 

6. There are more eells than organelles in the 
body. 

7. The diaphragm is ventral to the lungs. 


3. Identify which anatomieal plane—sagittal, 
frontal, or transverse—is the only one 
that could not show (a) both the brain 
and tongue; (b) both eyes; (e) both the 
heart and uterus; (d) both the hypogastrie 
and ghiteal regions; (e) both kidneys; and 
(f) both the sternum and vertebral column. 

4. Lay people often misunderstand medi- 
eal terminology. What do you think peo- 
ple really mean when they say they have 
“planter’s warts”? 


8. It would be possible to see both eyes in a 
single frontal seetion of the head. 

9. Eaeh lung is enelosed in a spaee between 
the parietal and viseeral pleura. 

10. The word senba , derived from the words 
self-eontained underwater breathing appa- 
ratus, is an aeronym. 

Answers in appendix A 


5. Why do you think the writers of Terminolo- 
gia Anatomiea deeided to rejeet eponyms? 
Do you agree with that deeision? Why do 
you think they deeided to name structures 
in Latin? Do you agree with that deeision? 
Explain your reasons for agreeing or dis- 
agreeing with eaeh. 
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part o ne Organization of the Body 


T he most important revolution in the history of medieine 

was the realization that all bodily functions result from 
cellular aetivity. By extension, nearly every dysfunction 
of the body is now reeognized as stemming from a dysfunction 
at the cellular level. Numerous new medieal researeh artieles 
published every week are on cellular function, and all drug devel- 
opment is based on an intimate knowledge of how eells work. 
The cellular perspeetive has thus beeome indispensable to any 
true understanding of the structure and function of the human 
body, the meehanisms of disease, and the rationale oftherapy. 

This ehapter therefore begins our study of anatomy at the 
cellular level. We will see how continued developments in 
mieroseopy have deepened our insight into eell structure, examine 
the structural eomponents of eells, and briefly survey two aspeets 
of cellular function—transport through the plasma membrane and 
the eell life eyele. It is the derangement of that life eyele that gives 
rise to one of the most dreaded of human diseases, eaneer. 



Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. state some tenets of the eell theory; 

b. discuss the way that developments in mieroseopy 
have ehanged our view of eell structure; 

e. outline the major structural eomponents of a eell; 

d. identify eell shapes from their deseriptive terms; and 

e. state the size range of human eells and explain why 
eell size is limited. 


The seientifie study of cellular structure and function is ealled 
eytology . 1 Some historians date the birth of this seienee to April 
15, 1663, when English inventor Robert Hooke employed his 
newly ereated mieroseope to observe the little boxes formed by the 
eell walls of eork. He named them cellulae. Cytology was greatly 
advaneed by refinements in mieroseope teehnology and techniques 
of histology (tissue preparation) in the nineteenth century. By 
1900, it was established beyond reasonable doubt that every living 
organism is made of eells; that eells now arise only through the 
division of preexisting eells rather than springing spontaneously 
from nonliving matter; and that all eells have the same basie 
ehemieal eomponents, such as earbohydrates, lipids, proteins, 
and nucleic aeids. Cells are the simplest entities eonsidered to be 
alive; no one molecule such as DNA or an enzyme is alive in itself. 
These and other prineiples have been eodified as the eell theory. 

Mieroseopy 

Cytology would not exist without the mieroseope. Throughout this 
book, you will find many photomierographs —photos of tissues 
and eells taken through the mieroseope. The mieroseopes used to 

Vyfo = eell; logy = study of 


produce them fall into three basie eategories: the light mieroseope, 
transmission eleetron mieroseope, and seanning eleetron mieroseope. 

The light mieroseope (LM) uses visible light to produce its 
images. It is the least expensive type of mieroseope, the easiest to 
use, and the most often used, but it is also the most limited in the 
amount of useful magnifieation it ean produce. Light mieroseopes 
today magnify up to 1,200 times. There are several varieties of 
light mieroseopes, including the fluorescence mieroseope used to 
produce figure 2.16b. 

Most of the structure we study in this ehapter is invisible to the 
LM, not because the LM eannot magnify enough but because it ean- 
not reveal enough detail. The most important thing about a good 
mieroseope is not magnifieation but resolution —the ability to reveal 
detail. Any image ean be photographed and enlarged as much as 
we wish, but if enlargement fails to reveal greater detail, it is empty 
magnifieation. A large blurry image is not nearly as informative 
as one that is small and sharp. Lor reasons of physies beyond the 
seope of this ehapter, it is the wavelength of light that plaees a limit 
on resolution. At the wavelengths of visible light (about 400 to 700 
nanometers, or nm), the LM eannot distinguish between two objeets 
any eloser together than 200 nm (0.2 mierometers, or p,m). 

Resolution improves when objeets are viewed with radia- 
tion of shorter wavelengths. Eleetron mieroseopes aehieve higher 
resolution by using not visible light but beams of eleetrons with 
very short wavelength (0.005 nm). The transmission eleetron 
mieroseope (TEM), invented in the mid-twentieth century, is usu- 
ally used to study speeimens that have been slieed ultrathin with 
diamond knives and stained with heavy metals such as osmium, 
which absorbs eleetrons. The TEM resolves details as small as 
0.5 nm and attains useful magnifieations of biologieal material up 
to 600,000 times. This is good enough to see even things as small 
as proteins, nucleic aeids, and other large molecules. Such fine 
detail is ealled eell ultrastructure. Even at the same magnifieations 
as the LM, the TEM reveals far more detail (fig. 2.1). It usually 
produces two-dimensional black-and-white images, but eleetron 
photomierographs are often eolorized for instmetional purposes. 

The seanning eleetron mieroseope (SEM) uses a speeimen 
eoated with vaporized metal (usually gold). The eleetron beam 
strikes the speeimen and diseharges seeondary eleetrons from the 
metal eoating. These eleetrons then strike a fluorescent sereen and 
produce an image. The SEM yields less resolution than the TEM 
and is used at lower magnifieation, but it produces dramatie three- 
dimensional images that are sometimes more informative than 
TEM images, and it does not require that the speeimen be cut into 
thin sliees. The SEM ean view only the surfaces of speeimens; 
it does not see through an objeet as the LM or TEM does. Cell 
interiors ean be viewed, however, by a freeze-fracture method 
in which a eell is frozen, eraeked open, eoated with gold vapor, 
and then viewed by either TEM or SEM. Figure 2.2 eompares red 
blood eells photographed with the LM, TEM, and SEM. 


Apply What You Know 

Beyond figure 2.2, list all of the photomierographs in this 
ehapter that you believe were made with the LM, with the TEM, 
and with the SEM. 
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Figure 2.1 Magnifieation Versus Resolution. These eell nuclei 
were photographed at the same magnifieation (about x 750) through 
(a) a light mieroseope (LM) and (b) a transmission eleetron mieroseope 
(TEM). Note the finer detail visible with the TEM. 


Cell Shapes and Sizes 

We will shortly examine the structure of a generie eell, but the 
generalizations we draw should not blind you to the diversity of 
cellular form and function in humans. There are about 200 kinds of 
eells in the human body, with a variety of shapes, sizes, and functions. 

Deseriptions of organ and tissue structure often refer to the 
shapes of eells by the following terms (fig. 2.3): 

• Squamous 2 (SQUAY-mus)—a thin, flat, sealy shape, often 
with a bulge where the nucleus is—much like the shape of a 
fried egg “sunny side up.” Squamous eells line the esophagus 
and form the surface layer (epidermis) of the skin. 

• Cuboidal 3 (cue-BOY-dul)—squarish-looking in frontal tissue 
seetions and about equal in height and width; liver eells are a 
good example. 



(a) Light mieroseope (LM) 


h —-1 

10.0 jam 


Red blood eells 



Red blood eells 


Blood vessel 


(b) Transmission eleetron 
mieroseope (TEM) 


10.0 jnm 



(e) Seanning eleetron 
mieroseope (SEM) 


10.0 jnm 


Figure 2.2 Images of Red Blood Cells Produced by Three Kinds 
of Mieroseopes. 

• Bosed on the SEM imoge (e), eon you exploin why the eells in port (o) 
hove such pole eenters? 


• Columnar —distinetly taller than wide, such as the inner 
lining eells of the stomaeh and intestines. 

• Polygonal 4 —having irregularly angular shapes with four, five, or 
more sides. Cells that look cuboidal or columnar in frontal view 
are eommonly polygonal in an end view, like a quartz erystal. 

• Stellate 5 —having multiple pointed proeesses projeeting from 
the body of a eell, giving it a somewhat starlike shape. The 
eell bodies of many nerve eells are stellate. 

• Spheroidal to ovoid —round to oval, as in egg eells and white 
blood eells. 


2 squam = seale; ous = eharaeterized by 

3 cub = cube-shaped; oidal = like, resembling 


4 poly = many; gon = angles 
5 sfe// = star; ote = eharaeterized by 


© David Phillips/Seienee Source © David Phillips/Seienee Source © Ed Resehke/Getty Images 
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Figure 2.3 Common Cell Shapes. AP|R 


• Diseoid —dise-shaped, as in red blood eells. 

• Fusiform 6 (FEW-zih-form)—spindle- or toothpiek-shaped; 
elongated, with a thiek middle and tapered ends, as in smooth 
miisele eells. 

• Fibrous —long, slender, and threadlike, as in skeletal muscle 
eells and the axons (nerve fibers) of nerve eells. 


In some eells, it is important to distinguish one surface from 
another, because eell surfaces may differ in function and membrane 
eomposition. This is espeeially true in epithelia, eell layers that 
eover organ surfaces. An epithelial eell rests on a lower basal 
surface often attaehed to an extracellular basement membrane 
(see ehapter 3). The upper surface of the eell is ealled the apieal 
surface. Its sides are lateral surfaces. You could eompare these to 
the floor, roof, and walls of a house, respeetively. 

The most useful unit of measurement for designating eell sizes is 
the mierometer (p.m), formerly ealled the mieron —one-millionth 
(10 -6 ) of a meter, one-thousandth (10 -3 ) of a millimeter. The 
smallest objeets most people ean see with the naked eye are about 
100 pm, which is about one-quarter the size of the period at the 
end of this sentenee. A few human eells fall within this range, 
such as the egg eell and some fat eells, but most human eells are 
about 10 to 15 pm wide. The longest human eells are nerve eells 
(sometimes over a meter long) and muscle eells (up to 30 em long), 
but both are usually too slender to be seen with the naked eye. 

There are several faetors that limit the size of eells. If a eell 
swells to excessive size, it ruptures like an overfilled water balloon. 
In addition, eell size is limited by the relationship between its 
volume and surface area. The surface area of a eell is proportional 
to the square of its diameter, while volume is proportional to the 
cube of diameter. Thus, for a given inerease in diameter, eell 


6 fusi = spindle; form = shape 


Grovvth 







Large eell 

Diameter = 20 jnm 

Surface area = 20 jnm x 20 jim x 6 = 2,400 jnm 2 
Volume = 20 jnm x 20 jim x 20 jnm = 8,000 jnm 3 


Small eell 

Diameter =10jum 

Surface area = 10 jnm x 10 gm x 6 = 600 pm 2 
Volume = 10 pm x 10 pm x 10 jnm = 1,000 pm 3 


Effeet of eell growth: 

Diameter (D) inereased by a faetor of 2 
Surface area inereased by a faetor of 4 (= D 2 ) 

Volume inereased by a faetor of 8 (= D 3 ) 

Figure 2.4 The Relationship Between Cell Surface Area and Volume. 

As a eell doubles in width, its volume inereases eightfold, but its surface area 
inereases only fourfold. A eell that is too large may have too little plasma 
membrane to support the metabolie needs of its volume of eytoplasm. 
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voliime inereases much faster than surface area. Picture a cuboidal 
eell 10 |im on eaeh side (fig. 2.4). It would have a surface area of 
600 |im 2 (10 |im x 10 |im x 6 sides) and a volume of 1,000 |im 3 
(10 X 10 X 10 |im). Now, suppose it grew by another 10 p,m 
on eaeh side. Its new surface area would be 20 pm x 20 pm x 
6 = 2,400 pm 2 , and its vohime would be 20 X 20 X 20 pm = 
8,000 pm 3 . The 20 pm eell has eight times as much eytoplasm 
needing nourishment and waste removal, but only four times as 
much membrane surface through which wastes and nutrients ean 
be exchanged. In short, a eell that is too big eannot support itself. 

Also, if a eell were too large, molecules could not diffuse from 
plaee to plaee fast enough to support its metabolism. The time 
required for diffusion is proportional to the square of distanee, so 
if eell diameter doubled, the travel time for molecules within the 
eell would inerease fourfold. For example, if it took 10 seeonds for 
a molecule to diffuse from the surface to the eenter of a eell with 
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a 10 pm radius, then we inereased this eell to a radius of 1 mm, it 
would take 278 hours to reaeh the eenter—far too slow to support 
the eell’s life aetivities. 

Having organs eomposed of many small eells instead of fewer 
large ones has another advantage: The death of one or a few eells is 
of less consequence to the structure and function of the whole organ. 

Basie Components of a Cell 

Before eleetron mieroseopy, little was known about structural 
eytology except that eells were enelosed in a membrane and 
eontained a nucleus. The material between the nucleus and surface 
membrane was thought to be little more than a gelatinous mixture of 
ehemieals and vaguely defined partieles. But the eleetron mieroseope 
revealed that the eytoplasm is crowded with a maze of passages, 
eompartments, and filaments (fig. 2.5). Earlier mieroseopists were 
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Figure 2.5 Structure of a Generalized Cell. The organelles are not all drawn to the same seale. Cytoplasm is more densely crowded with 
organelles than shown here. 
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TABLE 2.1 

Sizes of Biologieal Structures in 

Relation to the Resolution of the Eye, 
Light Mieroseope, and Transmission 
Eleetron Mieroseope 

Objeet 

Size 

Visible with the Eye (Resoliition 70-100 pm) 

Human egg, diameter 

100 pm 

Visible with the Light Mieroseope (Resolution 200 nm) 

Most human eells, diameter 

10-15 pm 

Cilia, length 


7-10 pm 

Mitoehondria, width x length 

0.2 x 4 pm 

Baeteria (Eseheriehio eoli), length 

1-3 pm 

Mierovilli, length 


1-2 pm 

Visible with the Transmission Eleetron Mieroseope 
(Resolution 0.5 nm) 

Nuclear pores, diameter 

30-100 nm 

Ribosomes, diameter 

15 nm 

Globular proteins, diameter 

5-10 nm 

Plasma membrane, thiekness 

7.5 nm 

DNA molecule, diameter 

2.0 nm 

Plasma membrane ehannels, diameter 

0.8 nm 


little aware of this detail simply because most of these structures are 
too small to be resolved by the light mieroseope (table 2.1). 

We now regard eells as having the following major eomponents: 

Plasma membrane 
Oytoplasm 
Oytoskeleton 

Organelles (including the nucleus) 

Inclusions 

Oytosol 


The plasma membrane (eell membrane) forms the eell’s 
surface boundary. The material enelosed by the plasma membrane 
is the eytoplasm , 7 and the material within the nucleus (usually the 
eell’s largest organelle) is the nucleoplasm. The eytoplasm eontains 
the eytoskeleton, a supportive framework of protein filaments and 
tubules; an abundance of organelles, diverse structures that perform 
various metabolie tasks for the eell; and inelnsions, which are 
foreign matter or stored eell products. The eytoskeleton, organelles, 
and inclusions are embedded in a elear gel ealled the eytosol. 

The eytosol is also ealled the intracellular fluid (ICF). All 
body fluids not eontained in the eells are eolleetively ealled the 
extracellular fluid (ECF). The ECF loeated between the eells 
is also ealled tissue (interstitial) fluid. Some other extracellular 
flmds include blood plasma, lymph, and eerebrospinal fluid. 


7 cyto = eell; plasm = formed, molded 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. State some tenets of the eell theory. 

2. What is the main advantage of an eleetron mieroseope 
over a light mieroseope? 

3. Explain why eells eannot grow to unlimited size. 

4. Define eytopiosm, eytosol, and orgonelle. 



Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the structure of the plasma membrane; 

b. explain the functions of the lipid, protein, and 
earbohydrate eomponents of the plasma membrane; 

e. deseribe the proeesses for moving material into and 
out of a eell; and 

d. deseribe the structure and function of mierovilli, eilia, 
flagella, pseudopods, and eell junctions. 


A great deal of human physiology takes plaee at the eell surface— 
for example, the binding of signaling molecules such as hormones, 
the stimulation of cellular aetivity, the attaehment of eells to eaeh 
other, and the transport of materials into and out of eells. This, then, 
is where we begin our study of cellular structure and function. Like 
explorers of a new eontinent, we will examine the interior only 
after we have investigated its eoastline. 

The Plasma Membrane 

The plasma membrane defines the boundaries of the eell, governs 
its interaetions with other eells, and eontrols the passage of 
materials into and out of the eell. The side that faees the eytoplasm 
is the intraeelhilar faee of the membane, and the side that faees 
outward is the extracellular faee. 

Membrane Lipids 

The plasma membrane is an oily, two-layered lipid film with proteins 
embedded in it (fig. 2.6b). By weight, it is about half lipid and half 
protein. Sinee the lipid molecules are smaller and lighter, however, 
they constitute about 90% to 99% of the molecules in the membrane. 

About 75% of the membrane lipid molecules are phospholipids. 
A phospholipid (fig. 2.7) eonsists of a three-earbon baekbone ealled 
glyeerol, with fatty aeid tails attaehed to two of the earbons and a 
phosphate-eontaining head attaehed to the third. The two fatty aeid 
tails are hydrophobie 8 (water-repellent) and the head is hydrophilie 9 
(attraeted to water). The heads of the phospholipids faee the ECF 

8 hydro = water; phobie = fearing, repelled by 

9 hydro = water; philie = loving, attraeted to 
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and ICF, whereas the tails form the middle of the “sandwich,” as 
far away from the surrounding water as possible. The phospholipids 
are not stationary but highly fluid—drifting laterally from plaee to 
plaee, spinning on their axes, and flexing their tails. 
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About 20% of the lipid molecules are eholesterol. Cholesterol 
has an important impaet on the fluidity of the membrane. If there 
is too little eholesterol, plasma membranes beeome excessively 
fragile. People with abnormally low eholesterol levels suffer an 
inereased ineidenee of strokes because of the rupture of fragile 
blood vessels. On the other hand, excessively high eoneentra- 
tions of eholesterol in the membrane ean inhibit the aetion of its 
enzymes and other proteins. 

The remaining 5% of the lipids are glyeolipids —phospholipids 
with short earbohydrate ehains bound to them. Glyeolipids occur 
only on the extracellular faee of the membrane. They contribute to 
the glycocalyx, a sugary eell eoating discussed later. 

An important quality of the plasma membrane is its eapaeity 
for self-repair. When a physiologist inserts a probe into a eell, it 
doesn’t pop the eell like a balloon. The probe slips through the oily 
film and the membrane seals itself around it. When eells take in 
matter by endoeytosis (deseribed later), they pineh off bits of their 
own membrane, which form bubblelike vesieles in the eytoplasm. 
As these vesieles pull away from the membrane, they do not leave 
gaping holes; the lipids immediately flow together to seal the break. 
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Figure 2.6 The Plasma Membrane. (a) Plasma membranes of two adjaeent eells (TEM). Note also that the nuclear envelope is eomposed 
of a double membrane, eaeh layer ofwhich is similarto a plasma membrane. (b) Molecular organization of the plasma membrane. 
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Figure 2.7 Phospholipid Structure and Symbol. (a) Molecular 
model of a phospholipid. (b) Oommon symbol used to represent 
phospholipids in diagrams of eell membranes. 


Membrane Proteins 

Proteins constitute from 1% to 10% of the membrane molecules. 
They fall into two broad elasses ealled integral and peripheral 
proteins. Integral proteins penetrate at least partially into the phos- 
pholipid bilayer, and if they pass all the way through, they are also 
ealled transmembrane proteins. They have hydrophilie regions in 


eontaet with the eytoplasm and extracellular fluid, and hydrophobie 
regions that pass baek and forth through the membrane lipid like 
a thread through fabrie (fig. 2.8). Most of the transmembrane pro- 
teins are glyeoproteins, which, like glyeolipids, have earbohydrate 
ehains linked to them and help form the glycocalyx. Peripheral 
proteins are those that do not protmde into the phospholipid layer 
but adhere to either faee of the membrane, usually the intracellular 
faee. Some transmembrane proteins drift about freely in the plasma 
membrane, while others are anehored to the eytoskeleton and thus 
held in one plaee. Most peripheral proteins are anehored to the 
eytoskeleton and assoeiated with transmembrane proteins. 

The functions of membrane proteins are very diverse and 
are among the most interesting aspeets of eell physiology. These 
proteins serve in the following roles: 

• Reeeptors (fig. 2.9a). Cells communicate with eaeh other 
by ehemieal signals such as hormones and neurotransmitters. 
Some of these messengers (epinephrine, for example) eannot 
enter their target eells but ean only “knoek on the door” with 
their message. They bind to a membrane protein ealled a 
reeeptor, and the reeeptor triggers physiologieal ehanges inside 
the eell. Some of these have a dual function as reeeptor and 
transport proteins—they bind ehemieals from the extracellular 
fluid and transport them into the eell. Others function as both 
reeeptors and gated ehannels, binding a ehemieal messenger 
and opening to allow ions into or out of the eell through the 
reeeptor protein itself. This is the meehanism by which nerve 
eells stimulate muscle fibers to eontraet. 

• Enzymes (fig. 2.9b). Some membrane proteins are enzymes 
that earry out ehemieal reaetions at the eell surface. Some of 
these break down ehemieal messengers after the message has 
been reeeived. Enzymes in the plasma membranes of intestinal 
eells earry out the final stages of stareh and protein digestion. 

• Channel proteins (fig. 2.9c). Some membrane proteins have 
tunnels through them that allow water and hydrophilie solutes 
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Figure 2.8 Transmembrane Proteins. A transmembrane protein has hydrophobie regions embedded in the phospholipid bilayer and hydrophilie 
regions projeeting into the extracellular and intracellular fluids. The protein may eross the membrane onee (left) or multiple times (right). The 
intracellular “domain” of the protein is often anehored to the eytoskeleton by peripheral proteins. 

• What other regions ofthe protein on the right would be hydrophilie in addition to the one labeled? 
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Figure 2.9 Some Functions of Plasma Membrane Proteins. 


to enter or leave a eell. These are ealled ehannel proteins. 
Some ehannels are always open, whereas others, ealled gates 
or gated ehannels (fig. 2.9d), open or elose when they are 
stimulated and thus allow things to enter or leave the eell 
only at appropriate times. Membrane gates are responsible 
for firing of the heart’s paeemaker, muscle eontraetion, and 
most of our sensory proeesses, among other functions. 
Transport proteins (see fig. 2.10c, d). Some membrane 
proteins, ealled transport proteins (earriers), don’t merely 
open to allow substances through—they aetively bind to a 
substance on one side of the membrane and release it on the 
other side. Carriers are responsible for transporting glucose, 
amino aeids, sodium, potassium, calcium, and many other 
substances into and out of eells. 

Cell-identity markers (fig. 2.9e). The glyeoproteins and 
glyeolipids of the membrane are like genetie identifieation tags, 
unique to an individual (or to identieal twins). They enable the 
body to distinguish what belongs to it from what does not— 
espeeially from foreign invaders such as baeteria and parasites. 
Cell-adhesion molecules (fig. 2.9f). Cells adhere to eaeh other 
and to extracellular material through membrane proteins ealled 
eell-adhesion molecules (CAMs). With few exceptions (such as 
blood eells and metastasizing eaneer eells), eells do not grow or 
survive normally unless they are meehanieally linked to the extra- 
cellular material. Speeial events such as sperm-egg binding and 
the binding of an immune eell to a eaneer eell also require CAMs. 


Membrane Transport 

One of the most important functions of the plasma membrane 
is to eontrol the passage of materials into and out of the eell. 
Figure 2.10 illustrates three methods of movement through plasma 


membranes, as well as filtration, an important mode of transport 
aeross the walls of eertain blood vessels. 

Filtration 

Filtration (fig. 2. lOa) is a proeess in which a physieal pressure forees 
fluid through a membrane, like the weight of water foreing it through 
the paper filter in a drip eoffeemaker. In the body, the prime example 
of filtration is blood pressure foreing fluid to seep through the walls 
of the blood eapillaries into the tissue fluid. This is how water, salts, 
organie nutrients, and other solutes pass from the bloodstream to the 
tissue fluid, where they ean get to the eells surrounding a blood ves- 
sel. This is also how the kidneys filter wastes from the blood. Capil- 
laries hold baek large partieles such as blood eells and proteins. In 
most eases, water and solutes filter through narrow gaps between the 
eapillary eells. In some eases, however, the eells have large filtration 
pores through them, like the holes in a sliee of Swiss eheese, allow- 
ing for more rapid filtration of large solutes such as protein hormones. 

Simple Diffusion 

Simple diffusion (fig. 2. lOb) is the net movement of partieles from 
a plaee of high eoneentration to a plaee of lower eoneentration— 
in other words, down a eoneentration gradient. Diffusion is how 
oxygen and steroid hormones enter eells and potassium ions 
leave, for example. The eell does not have to expend any energy 
to aehieve this; all molecules are in spontaneous random motion, 
and this alone provides the energy for their diffusion through 
spaee. Molecules diffuse through air, liquids, and solids. They 
ean penetrate both living membranes (the plasma membrane) 
and nonliving ones (such as dialysis tubing and eellophane) if 
the membrane has large enough gaps or pores. We say that the 
plasma membrane is seleetively permeable because it lets some 
partieles through but holds baek larger ones. Nonpolar solutes such 
as oxygen and earbon dioxide, and hydrophobie substances such 
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Figure 2.10 Modes of Membrane Transport 



High 

eoneentration 


Solute binds Protein breaks down 


to reeeptor 
site on 
transport 
protein. 


ATP. Pj binds 
to protein and 
induces shape 
ehange. 


Protein releases 
solute to other 
side of membrane 
and releases Pj. 


Solute moves 
up its 

eoneentration 

gradient. 


Low 

eoneentration 


(d) Aetive transport 


as steroids, diffuse through the lipid regions of the plasma mem- 
brane; hydrophilie solutes such as salts, however, ean diffuse only 
through the water-filled protein ehannels of the membrane. 

Osmosis 

Osmosis 10 (oz-MO-sis) is the net flow of water through a seleetively 
permeable membrane from the “more watery” side (the one with 
less dissolved matter) to the “less watery” side (with more dissolved 
matter). Water molecules tend to eling to partieles of dissolved 
matter and resist going baek through the membrane in the opposite 
direetion—henee the net accumulation of water on the side with 
more solute. An exception to this is reverse osmosis, in which a 
physieal foree drives water baek to the more dilute side of the 
membrane. This prineiple is used to desalinate seawater, eonverting 
it to drinkable freshwater, in arid regions and ships at sea. In the 
human body, the foree generated by the heartbeat causes reverse 
osmosis at the blood eapillaries, driving water out of the blood and 


into the tissue fluid; but where the blood pressure is lower, eapillaries 
absorb tissue fluid by osmosis. Many eells have membrane ehannel 
proteins ealled aquaporins that allow water to pass easily through 
the membrane. imbalanees in osmosis underlie such problems as 
diarrhea, eonstipation, and edema. Osmosis is also a vital eonsider- 
ation in intravenous fluid therapy and kidney dialysis. 


Faeilitated Diffusion 

The next two proeesses, faeilitated diffusion and aetive transport, 
are ealled earrier-mediated transport because they employ 
transport proteins in the plasma membrane. Faeilitated 11 diffusion 
(fig. 2.10c) ean be defined as the movement of a solute through a 
membrane, down its eoneentration gradient, with the aid of a ear- 
rier. The earrier transports solutes such as glucose that eannot pass 
through the membrane unaided. It binds to a partiele on one side of a 
membrane, where the solute is more eoneentrated, and releases it on 
the other side, where it is less eoneentrated. The proeess requires no 


10 os/r? = push, thrust; os/'s = proeess 


11 faeil = easy 
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expenditure of metabolie energy by the eell. One use of faeilitated 
diffusion is to absorb the sugars and amino aeids from digested food. 


Aetive Transport 

Aetive transport (fig. 2.10d) is the earrier-mediated transport of a 
solute through a unit membrane up its eoneentration gradient, with 
the expenditure of energy provided by adenosine triphosphate (ATP). 
ATP is essential to this proeess because moving partieles up a gradient 
requires an energy input, like getting a wagon to roll uphill. If a eell 
dies and stops producing ATP, aetive transport eeases immediately. 
One use of aetive transport is to pump calcium out of eells. Calcium 
is already more eoneentrated in the ECF than in the ICF, so pumping 
even more calcium into the ECF is an “uphill” movement. 

An espeeially well-known aetive transport proeess is the 
sodium-potassium (Na + —K + ) pump, which binds three sodium 
ions from the ICF and ejeets them from the eell, then binds two 
potassium ions from the ECF and releases these into the eell. The 
Na + —K + pump plays roles in eontrolling eell volume; generating 
body heat; maintaining the eleetrieal excitability of your nerves, 
muscles, and heart; and providing energy for other transport pumps 
to draw upon in moving such solutes as glucose through the plasma 
membrane. About half of the ealories that you “burn” every day 


are used just to operate your Na + —K + pumps. 


+ 


Vesieidar Transport 

All of the proeesses discussed up to this point move molecules or ions 
individually through the plasma membrane. In vesicular transport, 
however, eells move much larger partieles or droplets of fluid through 
the membrane in bubblelike vesieles. Vesicular proeesses that bring 
matter into a eell are ealled endoeytosis 12 (EN-doe-sy-TOE-sis), 
and those that release material from a eell are ealled exocytosis 13 
(EC-so-sy-TOE-sis). Like aetive transport, all forms of vesicular 
transport require ATP. There are three forms of endoeytosis: phagoey- 
tosis, pinoeytosis, and reeeptor-mediated endoeytosis (fig. 2.1 1). 

Pinoeytosis 14 (PIN-oh-sy-TOE-sis), or “eell drinking,” occurs in 
all human eells. In this proeess, dimples form in the plasma membrane 
and progressively sink in until they pineh off as pinoeytotie vesieles 
eontaining droplets of ECF (fig. 2.11a). Kidney tubule eells use this 
method to reelaim the small amount of protein that filters out of the 
blood, thus preventing the protein from being lost in the urine. 

Reeeptor-mediated endoeytosis (fig. 2.1 lb) is more seleetive. 
It enables a eell to take in speeifie molecules from the ECF with 
a minimum of unnecessary fluid. Molecules in the ECF bind to 
speeifie reeeptor proteins on the plasma membrane. The reeeptors 
then cluster together and the membrane sinks in at this point, ereating 
a pit. The pit soon pinehes off to form a vesiele in the eytoplasm. 
Cells use reeeptor-mediated endoeytosis to absorb eholesterol and 
insulin from the blood. Hepatitis, polio, and AIDS vimses triek our 
eells into admitting them by reeeptor-mediated endoeytosis. 

In phagoeytosis 15 (FAG-oh-sy-TOE-sis), or “eell eating,” 
a eell reaehes out with footlike extensions ealled pseudopods (see 
fig. 2.14), surrounds a partiele such as a bacterium or a bit of eell 
debris, and engulfs it, taking it into a eytoplasmie vesiele ealled a 


u endo = into; eyf = eell; os/'s = proeess 
13 exo = out of; eyt = eell; os/'s = proeess 
n pino = drinking; eyf = eell; os/'s = proeess 
]5 phogo = eating; eyf = eell; os/'s = proeess 
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(e) Exocytosis 

Figure 2.11 Modes of Vesicular Transport. (a) Pinoeytosis. A 
eell imbibing droplets of extracellular fluid. (b) Reeeptor-mediated 
endoeytosis. The Ys in the plasma membrane are membrane reeeptors 
that bind a solute in the extracellular fluid, then cluster together. The 
membrane sinks in at that point until a vesiele pinehes off into the 
eytoplasm bearing the reeeptors and bound solute. (e) Exocytosis. A 
eell releasing a seeretion or waste product. See also phagoeytosis in 
figure 2.14 for a fourth mode of vesicular transport. 



phagosome to be digested. Phagoeytosis is earried out espeeially by 
white blood eells and maerophages, which are deseribed in ehapter 3. 

Exocytosis (fig. 2.11c) is the proeess of diseharging material 
from a eell. It is used, for example, by digestive glands to seerete 
enzymes, by breast eells to seerete milk, and by sperm eells to release 
enzymes for penetrating an egg. It resembles endoeytosis in reverse. A 
seeretory vesiele in the eell migrates to the surface and fuses with the 
plasma membrane. A pore opens up that releases the products from 
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the eell, and the empty vesiele usually beeomes part of the plasma 
membrane. In addition to releasing eell products, exocytosis is the 
eell’s way of replaeing the bits of membrane removed by endoeytosis. 

Extensions of the Cell Surface 

Most eells have surface extensions of one or more types ealled 
mierovilli, eilia, flagella, and pseudopods. These aid in absorption, 
movement, and sensory proeesses. 

Mierovilli 

Mierovilli 16 (MY-ero-VIL-eye; singular, microvillus ) are exten- 
sions of the plasma membrane that serve primarily to inerease its 
surface area (fig. 2.12). They are best developed in eells speeialized 
for absorption, such as the epithelial eells of the intestines 
and kidney tubules. The small intestine has about 200 million 
mierovilli per square millimeter, with about 3,000 on the surface 
of eaeh absorptive eell. They give such eells far more absorptive 
surface area than they would have if their apieal surfaces were flat. 
On many eells, mierovilli are little more than tiny bumps on the 
plasma membrane. On eells of the taste buds and inner ear, they are 
well developed but serve sensory rather than absorptive functions. 

Individual mierovilli eannot be distinguished very well with 
the light mieroseope because they are only 1 to 2 p,m long. On 


some eells, they are very dense and appear as a fringe ealled the 
brush border. With the seanning eleetron mieroseope, they resem- 
ble a deep-pile earpet. With the transmission eleetron mieroseope, 
mierovilli typieally look like finger-shaped projeetions of the 
eell surface. They show little internal structure, but often have a 
bundle of stiff supportive filaments of a protein ealled aetin. Aetin 
filaments attaeh to the inside of the plasma membrane at the tip of 
the microvillus; at its base, they extend a little way into the eell and 
anehor the microvillus to a protein mesh ealled the terminal web. 
When tugged by another protein in the eytoplasm, aetin ean shorten 
a microvillus to milk its absorbed eontents downward into the eell. 

Cilia 

Cilia (SIL -ee-uh; singular, eilrnm 1V ) are hairlike proeesses about 7 
to 10 p,m long. Nearly every eell has a solitary, nonmotile primary 
cilium a few mierometers long. Its function in some eases is still 
a mystery, but apparently many of them are sensory, serving as 
the eell’s “antenna” for monitoring nearby eonditions. The light- 
absorbing parts of the retinal eells in the eye are modified primary 
eilia; in the inner ear, they play a role in the senses of motion and 
balanee; and in kidney tubules, they are thought to monitor fluid 
flow. Odor molecules bind to nonmotile eilia on the sensory eells 
of the nose. Defeets in the development, structure, or function of 
eilia—espeeially the nonmotile primary eilia—are responsible for 
several hereditary diseases ealled eiliopathies. 


K micro = small; villi = hairs 


u cilium = eyelash 
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Figure 2.12 Mierovilli and the Glycocalyx. The mierovilli are anehored by bundles of aetin mierofilaments, which occupy the eore of eaeh 
microvillus and projeet into the eytoplasm. (a) Longitudinal seetions, perpendicular to eell surface. (b) Cross seetions. 
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Figure 2.13 The Structure of Cilia. (a) Epithelium of the 

uterine (fallopian) tube (SEM). The shorter, mucus-secreting 
eells between the eiliated eells show bumpy mierovilli on 
their surfaces. (b) Three-dimensional structure of a cilium and 
its basal body. (e) Cross seetion of eilia and mierovilli (TEM). 

(d) Cross-sectional structure of a cilium. The two eentral 
microtubules of the eiliary shaft stop at the eell surface and do 
not extend into the basal body. 

Deseribe os mony structurol differenees betvveen eilio ond 
mierovilli os you eon. 
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Motile eilia occur in only a few organs, mainly in the respiratory 
traet, uterine (fallopian) tubes, internal eavities of the brain and 
spinal eord, and some male reproductive ducts. However, they are 
very abundant where they do occur; eiliated eells typieally have 50 
to 200 eilia eaeh (fig. 2.13a). These eilia beat in synehronized waves 
that sweep aeross the surface of an epithelium, always in the same 
direetion, moving substances such as fluid, mucus, and egg eells. 

Cilia possess a eentral eore ealled the axoneme 18 (ACK-so-neem), 
an orderly array of thin protein eylinders ealled microtubules. In 

18 oxo = axis; neme = thread 


motile eiha, there are two eentral microtubules surrounded by a ring 
of nine microtubule pahs arranged hke a Ferris wheel (fig. 2.13b-d). 
The eentral microtubules stop at the eell surface, but the peripheral 
microtubules continue a short distanee into the eell as part of a basal 
body that anehors the eilmm. In eaeh pah of peripheral microtubules, 
one tubule has paired dynein (DINE-een) arms along its length. 
Dynein, 1 9 a motor protein, uses energy from ATP to t4 crawr’ up the 
adjaeent pah of microtubules. When microtubules on the front of the 
eilhim crawl up the microtubules behind them, the eilmm bends toward 

19 c/yn = povver, energy; in = protein 
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the front. Nonmotile primary eilia laek the two eentral microtubules 
and the dynein arms. 

Flagella 

There is only one functional flagellum 20 (fla-JEL-um) in humans— 
the whiplike tail of a sperm. It is much longer than a cilium and 
has an identieal axoneme, but between the axoneme and plasma 
membrane it also has a complex sheath of eoarse eytoskeletal 
filaments that stiffen the tail and give it more propulsive power. 


Apply What You Know 

Kartagener syndrome is a hereditary disease in which dynein 
is laeking from eilia and flagella. How do you think Kartagener 
syndrome will affeet a man’s ability to father a ehild? How might 
it affeet his respiratory health? Explain your answers. 


Pseudopods 

Pseudopods 21 (SOO-do-pods) are eytoplasm-filled extensions of 
the eell varying in shape from fine, filamentous to blunt, fingerlike 
proeesses (fig. 2.14). Unlike the other three kinds of surface 
extensions, they ehange continually. Some form anew as the eell 
surface bubbles outward and eytoplasm flows into a lengthening 
pseudopod, while others are retraeted into the eell and disappear. 

The freshwater organism Amoeba furnishes a familiar example 
of pseudopods, which it uses for loeomotion and food capture. 
White blood eells ealled neutrophils crawl about like amebae 
by means of fingerlike pseudopods, and when they encounter a 
baeterimn or other foreign partiele, they reaeh out with their 
pseudopods to surround and engulf it. Maerophages—tissue 
eells derived from eertain white blood eells—reaeh out with thin 


20 flogellum = whip 
2] pseudo = false; pod = foot 



(b) (e) 


Figure 2.14 Pseudopods. (a) Amoebo, a freshwater organism that 
crawls and captures food by means of pseudopods. (b) A neutrophil 
(white blood eell) that similarly uses pseudopods for loeomotion and 
capturing baeteria. The three baeteria in red are being surrounded by 
pseudopods as part of the proeess of engulfing them by phagoeytosis. 
(e) A maerophage extending filamentous pseudopods to snare and 
“reel in” baeteria. 


filamentous pseudopods to snare baeteria and “reel them in” to 
be digested by the eell. Like little janitors, maerophages there- 
fore keep our tissues eleaned up. Blood platelets reaeh out with 
pseudopods to adhere to eaeh other and to the walls of damaged 
blood vessels, forming plugs that temporarily halt bleeding. 


The Glycocalyx 

All of our eells are essentially sugar-coated. They have a fuzzy 
surface eoat ealled the glycocalyx 22 (GLY-co-CAY-licks), 
eomposed of short ehains of sugars belonging to the membrane 
glyeolipids and glyeoproteins. The glycocalyx has multiple 
functions. It cushions the plasma membrane and proteets it from 
physieal and ehemieal injury, somewhat like the Styrofoam 
“peanuts” in a shipping earton. It functions in eell identity and 
thus in the body’s ability to distinguish its own healthy eells from 
diseased eells, invading organisms, and transplanted tissues. 
Human blood types and transfusion eompatibility are determined 
by the glycocalyx. The glycocalyx also includes the eell-adhesion 
molecules deseribed earlier and, thus, helps to bind tissues together 
and enables a sperm to bind to an egg and fertilize it. 


Cell Junctions 

Also at the eell surface are eertain eell junctions that link eells 
together and attaeh them to the extracellular material. Such 
attaehments enable eells to grow and divide normally, resist 
stress, communicate with eaeh other, and eontrol the movement of 
substances through the gaps between eells. Without them, eardiae 
muscle eells would pull apart when they eontraeted, and every 
swallow of food would serape away the lining of the esophagus. We 
will examine three types of junctions— tight junctions, desmosomes, 
and gap junctions (fig. 2.15). Eaeh type serves a different purpose, 
and two or more types often occur in a single eell. 

Tight Junctions 

A tight junction eompletely eneireles an epithelial eell near its 
apieal surface and joins it tightly to the neighboring eells like the 
plastie harness on a six-pack of soda eans. At a tight junction, the 
plasma membranes of two adjaeent eells eome very elose together 
and are linked by transmembrane eell adhesion proteins. These 
proteins seal off the intercellular spaee and make it difficult for 
substances to pass between the eells. In the stomaeh and intestines, 
for example, tight junctions prevent digestive juices from seeping 
between epithelial eells and digesting the underlying eonneetive 
tissue. They also help to prevent intestinal baeteria from invad- 
ing the tissues, and they ensure that most digested nutrients pass 
through the epithelial eells and not between them. 

Desmosomes 

A desmosome 23 (DEZ-mo-some) is a protein pateh that holds eells 
tightly together at a speeifie point. We ean eompare a tight junction 
and a desmosome, respeetively, to a zipper and a snap on a pair of 
jeans. Desmosomes are not continuous and therefore eannot prevent 
substances from passing around them and going between eells. They 

22 glyco = sugar; colyx = cup, vessel 
23 desmo = band, bond, ligament; som = body 
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Figure 2.1E Types of Cell Junctions. 

• Which ofthese junctions ollovvs moteriol to poss from one eell 
direetly into the next? 



When Desmosomes Fail 

We often get our best insights into the importanee of a struc- 
ture from the dysfunctions that occur when it breaks down. 
Desmosomes are destroyed in a disease ealled pemphigus vul- 
gor/s 24 (PEM-fih-gus vul-GAIR-iss), in which misguided antibodies 
(defensive proteins) ealled autoantibodies attaek the desmo- 
some proteins, espeeially in the skin. The resulting breakdown of 
desmosomes between the epidermal eells leads to widespread 
blistering of the skin and oral mucosa, loss of tissue fluid, and 
sometimes death. The eondition ean be eontrolled with drugs 
that suppress the immune system, but such drugs eompromise 
the body’s ability to fight off infeetions. 


24 pemphigus = blistering; vulgaris = eommon 


serve to keep eells from pulling apart and thus enable a tissue to resist 
meehanieal stress. Desmosomes are eommon in the epidermis, the 
epithelium of the uterine cervix, other epithelia, and eardiae muscle. 
Hooklike J-shaped proteins approaeh the eell surface from within 
and penetrate into a thiek protein plaque on the inner faee of the 
plasma membrane, and then the short arm of the J turns baek into 
the eell—thus anehoring the plaque to the eytoskeleton. Proteins of 
the plaque are linked to transmembrane proteins which, in turn, are 
linked to transmembrane proteins of the next eell, forming a zone of 
strong eell adhesion. Eaeh eell mirrors the other and contributes half 
of the desmosome. Such eonneetions among neighboring eells ere- 
ate a strong structural network that binds eells together throughout 
the tissue (see Deeper Insight 2.1). The basal eells of an epithelium 
are similarly linked to the underlying basement membrane by half 
desmosomes ealled hemidesmosomes, so an epithelium eannot eas- 
ily peel away from the underlying tissue. 


Apply What You Know 

Why would desmosomes not be suitable as the sole type of 
eell junction between epithelial eells of the stomaeh? 
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Gap Junctions 

A gap (eommimieating) junction is formed by a connexon, 
which eonsists of six transmembrane proteins arranged in a 
ring, somewhat like the segments of an orange, surrounding 
a eentral water-filled ehannel. Ions, glucose, amino aeids, and 
other small solutes ean diffuse through the ehannel direetly 
from the eytoplasm of one eell into the next. In the human 
embryo, nutrients pass from eell to eell through gap junctions 
until the circulatory system forms and takes over the role of 
nutrient distribution. In eardiae muscle, gap junctions allow 
eleetrieal excitation to pass direetly from eell to eell so that the 
eells eontraet in near unison. 


Before You Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

5. Generally speaking, vvhat sort of siibstanees ean enter 
a eell by diffusing through its phospholipid membrane? 
What sort of substances must enter primarily through the 
ehannel proteins? 

6. Compare the structure and function of transmembrane 
proteins vvith peripheral proteins. 

7. What membrane transport proeesses get all the neeessary 
energy from the spontaneous movement of molecules? 
What ones require ATP as a source of energy? What 
membrane transport proeesses are earrier mediated? 
What ones are not? 

8. Identify several reasons vvhy the glycocalyx is important to 
human survival. 

9. Hovv do mierovilli and eilia differ in structure and function? 

10. What are the functional differenees betvveen tightjunctions, 

gap junctions, and desmosomes? 




The Cell Interior 


Expected learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the eytoskeleton and its functions; 

b. list the main organelles of a eell and explain their 
functions; and 

e. give some examples of eell inclusions and explain how 
inclusions differfrom organelles. 


We now probe more deeply into the eell to study its internal 
structures. These are elassified into three groups—eytoskeleton, 
organelles, and inclusions—all embedded in the elear, gelatinous 
eytosol. If we think of a eell as being like an offiee building, the 
eytoskeleton would be like the steel beams and girders that hold 


it up and define its shape and size; the plasma membrane and its 
ehannels would be the bmlding’s exterior walls and doors; and 
organelles would be the interior rooms that divide the building into 
eompartments with different functions. 


The Cytoskeleton 

The eytoskeleton is a network of protein filaments and tubules 
that structurally support a eell, determine its shape, organize its 
eontents, direet the movement of substances within the eell, and 
contribute to movements of the eell as a whole. It ean form a 
very dense supportive web in the eytoplasm (fig. 2.16). It is eon- 
neeted to transmembrane proteins of the plasma membrane and 
they, in turn, are eonneeted to proteins external to the eell, so 
there is a strong structural continuity from extracellular material 
to the eytoplasm. Cytoskeletal elements may even eonneet to 
ehromosomes in the nucleus, enabling physieal tension on a eell 
to move nuclear eontents and meehanieally stimulate genetie 
function. 

The eytoskeleton is eomposed of mierofilaments, inter- 
mediate filaments, and microtubules. Mierofilaments (thin 
filaments) are about 6 nm thiek and are made of the protein 
aetin. They form a fibrous terminal web (membrane skeleton) 
on the eytoplasmie side of the plasma membrane. The lipids 
of the plasma membrane are spread out over the terminal web 
like butter on a sliee of bread. The web, like the bread, provides 
physieal support, whereas the lipids, like butter, provide a per- 
meability barrier. It is thought that, without this support by the 
terminal web, the lipids would break up into little droplets and 
the plasma membrane would not be able to hold together. As 
deseribed earlier, aetin mierofilaments also form the supportive 
eores of the mierovilli and play a role in eell movement. Muscle 
eells espeeially are paeked with aetin, which is pulled upon by 
the motor protein myosin to make muscles eontraet. 

Intermediate filaments (8-10 nm in diameter) are thieker and 
stiffer than mierofilaments. They give a eell its shape, resist stress, 
and partieipate in the junctions that attaeh eells to their neighbors. 
In epidermal eells, they are made of the tough protein keratin 
and occupy most of the eytoplasm. They are responsible for the 
strength of hair and fingernails. 

A microtubule (25 nm in diameter) is a hollow eylinder 
made of 13 parallel strands ealled protofilaments. Eaeh pro- 
tofilament is a long ehain of globular proteins ealled tubulin 
(fig. 2.17). Microtubules radiate from the eentrosome (see p. 46) 
and hold organelles in plaee, form bundles that maintain eell 
shape and rigidity, and aet somewhat like railroad traeks to 
guide organelles and molecules to speeifie destinations in a eell. 
They form the eiliary and flagellar basal bodies and axonemes 
deseribed earlier, and as discussed later in relation to organelles 
and mitosis, they form the eentrioles and mitotie spindle involved 
in eell division. Microtubules are not permanent structures. They 
appear and disappear moment by moment as tubulin molecules 
assemble into a tubule and then suddenly break apart again to 
be used somewhere else in the eell (fig. 2.16a). The double and 
triple sets of microtubules in eilia, flagella, basal bodies, and 
eentrioles, however, are more stable. 
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Figure 2.16 The Cytoskeleton. (a) Components of the eytoskeleton. Few organelles are 
shown in order to emphasize the eytoskeleton. Note that all microtubules radiate from the 
eentrosome; they often serve as traeks for motor proteins transporting organelles. (b) Cells with 
their eytoskeletons labeled with fluorescent antibodies, photographed through a fluorescence 
mieroseope. The density of a typieal eytoskeleton far exceeds even that shown in part (a). 

What eytoskeletal structures shovvn here also play structural roles in mierovilli, eilia, 
and flagella? 
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Microtubule 



Tubulin 


Figure 2.17 Microtubules. (a) A single microtubule is eomposed 
of 13 protofilaments. Eaeh protofilament is a helieal ehain of globular 
proteins ealled tubulin. (b) One ofthe nine microtubule pairs of a cilium 
(e) One of the nine microtubule triplets of a eentriole. 


Organelles 

The minute, metabolieally aetive structures within a eell are 
ealled organelles (literally, “little organs”) because they are 
to the eell what organs are to the body—structures that play 
individual physiologieal roles in the survival of the whole 
(see fig. 2.5). A eell may have 10 billion protein molecules, 
some of which are powerful enzymes with the potential to 
destroy the eell if they are not eontained and isolated from other 
cellular eomponents. You ean imagine the enormous problem 
of keeping traek of all this material, direeting molecules to the 
eorreet destinations, and maintaining order against the ineessant 
tug of disorder. Cells maintain order partly by eompartmental- 
izing their eontents in organelles. Figures 2.18 and 2.19 show 
the major organelles. 


The Nucleus 

The nucleus (fig. 2.18) is the largest organelle and usually the 
only one elearly visible with the light mieroseope. It eontains the 
eell’s ehromosomes and is therefore the genetie eontrol eenter 
of cellular aetivity. Granular organelles ealled ribosomes are 
produced here, and the early steps in protein synthesis occur here 
under the direetion of the genes. Most eells have only one nucleus, 
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Figure 2.18 The Nucleus. (a) Cutaway view to show surface features and eontents of nucleoplasm. (b) Detail of a nuclear pore complex, formed 
by a ring of eight proteins eonneeted by spokes to a eentral plug. 
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but there are exceptions. Mature red blood eells have none; they 
are anuclear. 25 A few eell types are multinucleate —having 2 to 
50 nuclei—including some liver eells, skeletal muscle eells, and 
eertain bone-dissolving eells. 

The nucleus is usually spheroidal to elliptieal in shape and 
averages about 5 pm in diameter. It is surrounded by a nuclear 
envelope eonsisting of two parallel membranes. The envelope is 
perforated with nuclear pores, about 30 to 100 nm in diameter, 
formed by a ring-shaped nuclear pore complex of eight proteins. 
These proteins regulate molecular traffie into and out of the nucleus 
and bind the two membranes together. The inside of the nuclear 
envelope is lined by a web of intermediate filaments, ealled the 
nuclear lamina, like a eage enelosing the DNA. 

The material within the nucleus is ealled the nucleoplasm. 
Most of it eonsists of finely dispersed, granular filaments 
ealled ehromatin (CRO-muh-tin), visible only with the TEM. 
Chromatin is eomposed of a complex of proteins and DNA, the 
latter constituting the eell’s genes. When eells prepare to divide, 
the ehromatin eoils and eondenses into short thiek rods visible 
with the LM, and we ean see that it eonsists of (usually) 46 
separate bodies, the ehromosomes 26 (see fig. 2.24). The nuclei 
of nondividing eells also usually exhibit one or more dense 
masses ealled nucleoli (singular, nucleolus ), where subunits of 
the ribosomes are made before they are transported out to the 
eytoplasm. 

Endoplasmie Reticulum 

The term endoplasmie reticulum (ER) literally means “little 
network within the eytoplasm.” It is a system of intereonneeted 
ehannels ealled eisternae 27 (sis-TUR-nee) enelosed by a 
membrane (fig. 2.19a). In areas ealled rough endoplasmie 
reticulum, the network eonsists of parallel, flattened eisternae 
eovered with ribosomes, which give it its rough or granular 
appearanee. The rough ER is continuous with the outer 
membrane of the nuclear envelope (see fig. 2.18), and adjaeent 
eisternae are eonneeted by perpendicular bridges. In areas ealled 
smooth endoplasmie reticulum, the membrane laeks ribosomes, 
the eisternae are more tubular in shape, and they braneh more 
extensively. The eisternae of the smooth ER are continuous with 
those of the rough ER, so the two are different parts of the same 
eytoplasmie network. 

The endoplasmie reticulum synthesizes steroids and other 
lipids, detoxifies aleohol and other drugs, and manufactures 
all of the membranes of the eell. Rough ER produces the 
phospholipids and proteins of the plasma membrane. It also 
synthesizes proteins that are either seereted from the eell or 
paekaged in organelles ealled lysosomes. Rough ER is most 
abundant in eells that synthesize large amounts of protein, such 
as antibody-producing eells and eells of the digestive glands. 

Most eells have only a seanty smooth ER, but it is relatively 
abundant in eells that engage extensively in detoxification, such as 


25 o = without; nucle = nucleus 
26 chromo = eolor; some = body 
27 cistern = reservoir 
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liver and kidney eells. Long-term abuse of aleohol, barbiturates, 
and other dmgs leads to toleranee partly because the smooth ER 
proliferates and detoxifies the drugs more quickly. Smooth ER is 
also abundant in eells that synthesize steroid hormones, for example 
in the testes and ovaries. Skeletal and eardiae muscle eontain 
extensive networks of modified smooth ER ealled sareoplasmie 
reticulum, which releases calcium to trigger muscle eontraetion 
and stores the calcium between eontraetions. 

Ribosomes 

Ribosomes are small granules of protein and ribonucleic aeid 
(RNA) found in the eytosol, on the outer surfaces of the rough 
ER and nuclear envelope, in the nucleoli, and in mitoehondria. 
Ribosomes “read” eoded genetie messages (messenger RNA) 
from the nucleus and assemble amino aeids into proteins speeified 
by the eode. The unattached ribosomes found seattered throughout 
the eytoplasm make enzymes and other proteins for use within the 
eell. The ribosomes attaehed to the rough ER make proteins that 
will either be paekaged in lysosomes or, in eases such as digestive 
enzymes, seereted from the eell. 

Golgi Complex 

The Golgi 28 (GOAL-jee) complex is a small system of eisternae 
that synthesizes earbohydrates and eertain lipids and puts the 
finishing touches on protein and glyeoprotein synthesis ( ig. 2.19b). 
The complex resembles a staek of pita bread. Typieally, it eonsists 
of about six eisternae, slightly separated from eaeh other, eaeh of 
them a flattened, slightly curved sae with a swollen rim. 

Figure 2.20 shows the functional interaetion between the ribo- 
somes, endoplasmie reticulum, and Golgi complex. Ribosomes 
link amino aeids together in a genetieally speeified order to 
make a particular protein. This new protein threads its way into 
the eisterna of the rough ER, where enzymes trim and modify it. 
The altered protein is then shuffled into a little transport vesiele, 
a spheroidal organelle that buds from the ER and earries the 
protein to the nearest eisterna of the Golgi complex. The Golgi 
complex sorts these proteins, passes them along from one eisterna 
to the next, cuts and spliees some of them, adds earbohydrates to 
some of them, and finally paekages the proteins in membrane- 
bounded Golgi vesieles. These vesieles bud off the rim of the 
eisterna farthest from the ER, like the warm wax globules of a 
lava lamp. They are seen in abundance in the neighborhood of 
the Golgi complex. 

Some Golgi vesieles beeome lysosomes, discussed shortly; 
some migrate to the plasma membrane and fuse with it, 
contributing fresh protein and phospholipid to the membrane; and 
some beeome seeretory vesieles that store a eell product, such as 
breast milk protein, mucus, or digestive enzymes, for later release 
by exocytosis. 

Proteasomes 

Ribosomes manufacture numerous proteins for intracellular 
use, but these proteins eannot linger in the eell forever. When 


28 Camillo Golgi (1843-1926), Italian histologist 
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Figure 2.19 Major Cytoplasmic Organelles. (a) Endoplasmie reticulum, showing rough and smooth regions. (b) Golgi complex and Golgi vesieles. 
(e) Proteasome degrading a protein. (d) Lysosomes. (e) Mitoehondrion. (f) Centrioles. Centrioles are typieally seen in pairs, perpendicular to eaeh 
other; thus, eleetron mierographs often show one in longitudinal seetion and the other in eross seetion, as depieted here. 
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Figure 2.20 Organelle Oollaboration in Protein Production. The steps in protein synthesis and seeretion are numbered 1 through 6. (1) Aeting 
on instructions from the nucleus, eaeh ribosome assembles amino aeids in the eorreet sequence to make a particular protein. The protein is threaded 
into the eisterna of the rough ER as it is synthesized. The rough ER cuts and spliees proteins and may make other modifieations. (2) The rough ER 
paekages the modified protein into transport vesieles that earry it to the Golgi complex. (3) The transport vesiele fuses with a eisterna of the Golgi 
complex and unloads its protein. (4) The Golgi complex may further modify the protein. (5) The Golgi complex buds off Golgi vesieles eontaining 
the finished protein. (6) Some Golgi vesieles beeome seeretory vesieles, which travel to the plasma membrane and release the product by 
exocytosis. AP|R 


their job is done, they must be disposed of. Cells also need 
to rid themselves of damaged and nonfunctional proteins and 
foreign proteins introduced by such means as viral infeetions. 
The job of protein disposal is handled by organelles ealled 
proteasomes, which are themselves eomposed of hollow 
eylindrieal complexes of protein (fig. 2.19c). The eell tags 
undesirable proteins for destruction and transports them to a 
proteasome; enzymes of the proteasome unwind them and break 
them down into amino aeids. Proteasomes degrade more than 
80% of a eell’s proteins. 


Lysosomes 

Another organelle designed for destroying things is the lysosome 
(LY-so-some) (fig. 2.19d), a paekage of enzymes enelosed 
in a membrane. Although often round or oval, lysosomes are 
extremely variable in shape. When viewed with the TEM, they 
often exhibit dark gray eontents devoid of structure, but sometimes 
show erystals or parallel layers of protein. At least 50 lysosomal 
enzymes have been identified. They break down proteins, nucleic 

29 /yso = loosen, dissolve; some = body 
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aeids, earbohydrates, phospholipids, and other substances. White 
blood eells ealled neutrophils phagoeytize baeteria and digest them 
with the enzymes of their lysosomes. Lysosomes also digest and 
dispose of surplus, nonvital, and worn-out organelles; this proeess 
is ealled emtophagy 30 (aw-TOFF-uh-jee). They also aid in a proeess 
of “eell suicide” ealled apoptosis (AP-op-TOE-sis), or programmed 
eell death } in which eells that are no longer needed undergo a pre- 
arranged death. The uterus, for example, weighs about 900 g at 
full-term pregnaney and, through apoptosis, shrinks to 60 g within 
5 or 6 weeks after birth. 


Peroxisomes 

Peroxisomes (not illustrated) resemble lysosomes but eontain 
different enzymes and are not produced by the Golgi complex. 
Their general function is to use molecular oxygen (0 2 ) to oxidize 
organie molecules, espeeially to break down fatty aeids into two- 
earbon molecules that ean be used as an energy source for ATP 
synthesis. Such reaetions produce hydrogen peroxide (H 2 0 2 ), 
henee the name of the organelle. H 2 0 2 is then used to oxidize 
other molecules, and the excess is broken down to water and 
oxygen by an enzyme ealled eatalase. Peroxisomes also neutralize 
free radieals and detoxify aleohol, other drugs, and a variety of 
blood-borne toxins. Peroxisomes occur in nearly all eells but are 
espeeially abundant in the liver and kidneys. 


Mitoehondria 


Mitoehondria 3 1 (MY-toe-CON-dree-uh) (singular, mitoehondrion) 
are organelles speeialized for a proeess ealled aerobie respiration, 
which synthesizes most of the body’s ATP. They have a variety 
of shapes: spheroidal, rod-shaped, bean-shaped, or threadlike 
(fig. 2.19e), and they eonstantly move, squirm, and ehange 
shape. Like the nucleus, a mitoehondrion is surrounded by a 
double membrane. The inner membrane usually has folds ealled 
eristae 32 (CRIS-tee), which projeet like shelves aeross the organelle 
and bear the enzymes that produce most of the ATP. The spaee 
between the eristae is ealled the mitoehondrial matrix. It eontains 
enzymes, ribosomes, and a small, circular DNA molecule ealled 
mitoehondrial DNA (mtDNA), which is genetieally different from 
the DNA in the eell’s nucleus (see Deeper Insight 2.2). Mutations 
in mtDNA are responsible for some muscle, heart, and eye diseases. 


Centrioles 

A eentriole (SEN-tree-ole) is a short eylindrieal assembly of 
microtubules arranged in nine groups of three microtubules eaeh 
(fig. 2.19f). Near the nucleus, most eells have a small, elear pateh 
of eytoplasm ealled the eentrosome 33 eontaining a pair of mutually 
perpendicular eentrioles (see fig. 2.5). These eentrioles play a role 
in eell division deseribed later. In eiliated eells, eaeh cilium also 
has a basal body eomposed of a single eentriole perpendicular to 
the plasma membrane. Two microtubules of eaeh triplet form the 
peripheral microtubules of the axoneme of the cilium. 


30 auto = self; phagy = eating 
31 /77/'fo = thread; ehondr = grain 
32 crista = erest 

33 centro = eentral; some = body 
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The Origin of Mitoehondria 

There is eompelling evidenee that mitoehondria evolved from 
baeteria that either invaded or were engiilfed by other aneient 
eells, then evolved a mutually benefieial metabolie relationship 
with them. In size and physiology, mitoehondria resemble eertain 
baeteria that live within other eells in a state of symbiosis. 
Mitoehondrial DNA (mtDNA) resembles baeterial DNA more than 
it does nuclear DNA, and it is replieated independently of nuclear 
DNA. Mitoehondrial DNAisinherited primarilyfromtheindividuars 
mother, because it is passed to the developing embryo mainly 
from the eytoplasm of the egg eell with little contribution from 
sperm mitoehondria. 

Although nuclear DNA is reshuffled in eaeh generation by the 
proeess of sexual reproduction, mtDNA remains unchanged from 
generation to generation except by the slow paee of random 
rrmtation. It has therefore been useful as a “molecular eloek” for 
biologists and anthropologists interested in traeing evolutionary 
lineages in humans and other speeies. The differenees in mtDNA 
between one individual and another, or between one speeies 
and another, ean be eombined with the rate of mutation to 
estimate how long ago two individuals or speeies arose from the 
same aneestor. Genetieists have gained evidenee, although still 
eontroversial, that of all females who lived in Afriea about 200,000 
years ago, only one left any deseendants still living today— 
everyone now on earth is deseended from this “mitoehondrial 
Eve,” a woman of unparalleled genetie success. 


lnclusions 

Inclusions are of two kinds: accumulated eell products such as 
pigments, fat droplets, and granules of glyeogen (a starehlike 
earbohydrate); and internalized foreign matter such as dust, 
vimses, and baeteria. Inclusions are never enelosed in a membrane, 
and unlike the organelles and eytoskeleton, they are not essential 
to eell survival. 

Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

11. Deseribe at least three functions of the eytoskeleton. 

12. Briefly state how eaeh of the following eell eomponents 

ean be reeognized in eleetron mierographs: the nucleus, 
a mitoehondrion, a lysosome, and a eentriole. What is the 
primary function of eaeh? 

13. Distinguish between organelles and inclusions. State two 

examples of eaeh. 

14. What three organelles are involved in protein synthesis? 

Name two organelles involved in protein destruction. 

15. Define eentriole, microtubule, eytoskeleton, and oxoneme. 

How are these structures related to eaeh other? 
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The Cell Life Cycle 


Expected Learning Outcomes 

When you have eompleted this seetion, you should be 
able to 

a. deseribe the life eyele of a eell; 

b. name the stages of mitosis and deseribe the events 
that occur in eaeh one; and 

e. discuss the types and elinieal uses of stem eells. 



This ehapter concludes with an examination of the typieal life eyele 
of human eells, including the proeess of eell division. Finally, we 
examine an issue of current eontroversy, the therapeutic use of 
embryonie stem eells. 


The Cell Cycle 

Most eells periodieally divide into two daughter eells, so a eell 
has a life eyele extending from one division to the next. This 
eell eyele is divided into four main phases: G 1? S, G 2 , and M 

(fig. 2.21). 

The first gap (G x ) phase is an interval between eell division 
and DNA replieation. During this time, a eell synthesizes proteins, 
grows, and earries out its predestined tasks for the body. Most 
human physiology pertains to what eells do in the G^ phase. Cells 
in Gi also accumulate the materials needed in the next phase to 
replieate their DNA. 

The synthesis (S) phase is the period in which a eell 
makes duplicate eopies of its eentrioles and all of its 
mielear DNA. Eaeh of its DNA molecules uncoils 
into two separate strands, and eaeh strand aets as a 
template for the synthesis of the missing strand. A 
eell begins the S phase with 46 molecules of DNA 
and ends it with 92. The eell then has two identieal 
sets of DNA molecules, which are available to be 
divided up between daughter eells at the next eell 
division. 

The seeond gap (G 2 ) phase is a relatively brief 
interval between DNA replieation and eell divi- 
sion. In G 2 , a eell finishes replieating its eentrioles 
and synthesizes enzymes that eontrol eell division. 

It also eheeks the accuracy of its DNA replieation 
and usually repairs any errors that are deteeted. 

The mitotie (M) phase is the period in which a eell 
replieates its nucleus, divides its DNA into two identieal 
sets (one per nucleus), and pinehes in two to form two 
genetieally identieal daughter eells. The details of this phase 
are eonsidered in the next seetion. Phases G 1? S, and G 2 are 
eolleetively ealled interphase —the time between M phases. 

The length of the eell eyele varies greatly from one eell type to 
another. Cultured eonneetive tissue eells ealled fibroblasts divide 


about onee a day and spend 8 to 10 hours in G 1? 6 to 8 hours in S, 
4 to 6 hours in G 2 , and 1 to 2 hours in M. Stomaeh and skin eells 
divide rapidly, bone and eartilage eells slowly, and skeletal muscle 
and nerve eells not at all. Some eells leave the eell eyele for a 
“rest” and eease to divide for days, years, or the rest of one’s life. 
Such eells are said to be in the G 0 (G-zero) phase. The balanee 
between eells that are aetively eyeling and those standing by in G 0 
is an important faetor in determining the number of eells in the 
body. An inability to stop eyeling and enter G 0 is eharaeteristie of 
eaneer eells (see Deeper Insight 2.3). 


Cell Division 

Cells divide by two meehanisms ealled mitosis and meiosis. 
Meiosis, however, is restrieted to one purpose, the production 
of eggs and sperm, and is therefore treated in ehapter 26 on 
reproduction. Mitosis serves all the other functions of eell 
division: the development of an individual, eomposed of some 
40 trillion eells, from a one-eelled fertilized egg; continued 
growth of all the organs after birth; the replaeement of eells 
that die; and the repair of damaged tissues. Four phases of 
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Figure 2.21 The Cell Cycle. 
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DEEPER INSIGHT 



Cancer 

A tumor (neoplasm 34 ) is a mass of tissue produced when the 
rate of eell division exceeds the rate of eell death. A malignant 35 
tumor, or eoneer ('ig. 2.22), is espeeially fast-growing, laeks a 
eonfining fibrous capsule, and has eells that are eapable of break- 
ing free and spreading to other organs (metastasizing 36 ). Cancer 
was named by Hippoerates, who eompared the distended veins 
in some breast tumors to the outstretched legs of a erab. 37 

All eaneer is caused by mutations (ehanges in DNA or ehro- 
mosome structure), which ean be induced by ehemieals, viruses, 
or radiation or simply occur through errors in DNA replieation in 
the eell eyele. Agents that cause mutation are ealled mutagens, 38 
and those that induce eaneer are also ealled eareinogens 39 
Many forms of eaneer stem from mutations in two gene families, 
the oneogenes and tumor-suppressor genes. Oneogenes 40 are 
mutated genes that promote the synthesis of excessive amounts of 
growth faetors (ehemieals that stimulate eell division) or excessive 
sensitivity of target eells to growth faetors. Tumor-suppressor (TS) 
genes inhibit the development of eaneer by opposing oneogenes, 
promoting DNA repair, and other means. Cancer occurs when TS 
genes are unable to perform this function. Oneogenes are like an 
aeeelerator to the eell eyele, and TS genes are like a brake. 

Llntreated eaneer is almost always fatal. Tumors destroy healthy 
tissue; they ean grow to bloek major blood vessels or respiratory 
airways; they ean damage blood vessels and cause hemorrhaging; 
they ean eompress and kill brain tissue; and they tend to drain the 
body of nutrients and energy as they “hungrily” consume a dispro- 
portionate share of the body’s oxygen and nutrients. 



3.5 em 

Figure 2.22 Wilms Tumor. This is a malignant tumor of the kidney 

occurring espeeially in ehildren. 


mitosis are reeognizable— prophase, metaphase, anaphase, and 
telophase (fig. 2.23). 

In prophase, 41 at the outset of mitosis, the ehromosomes eoil 
into short, eompaet rods that are easier to distribute to daughter 
eells than the long, delieate ehromatin of interphase. At this 
stage, a ehromosome eonsists of two genetieally identieal bodies 
ealled ehromatids, joined together at a pinehed spot ealled the 
eentromere (fig. 2.24). There are 46 ehromosomes, two ehromatids 
per ehromosome, and one molecule of DNA in eaeh ehromatid. 
The nuclear envelope disintegrates during prophase and releases 
the ehromosomes into the eytosol. The eentrioles begin to sprout 
elongated microtubules ealled spindle fibers, which push the een- 
trioles apart as they grow. Eventually, a pair of eentrioles eomes to 
lie at eaeh pole of the eell. Spindle fibers grow toward the ehromo- 
somes, where some of them beeome attaehed to a platelike protein 

/1 o 

complex ealled the kinetoehore (kih-NEE-toe-eore) on eaeh side 


34 neo = new; plasm = growth, formation 
35 mal = bad, evil 

36 meta = beyond; stas = being stationary 
37 cancer = erab 

38 muta = ehange; gen = to produce 
39 carcino = eaneer; gen = to produce 
40 onco = tumor 
^p/'o = first 

42 kineto = motion; ehore = plaee 


of the eentromere. The spindle fibers then tug the ehromosomes 
baek and forth until they line up along the midline of the eell. 

A Q 

In metaphase, the ehromosomes are aligned on the eell 
equator, oseillating slightly and awaiting a signal that stimulates 
eaeh ehromosome to split in two at the eentromere. The spindle 
fibers now form a lemon-shaped array ealled the mitotie spindle. 
Long microtubules reaeh out from eaeh eentriole to the ehro- 
mosomes, and shorter microtubules form a starlike aster 44 that 
anehors the assembly to the inside of the plasma membrane at 
eaeh end of the eell. 

Anaphase 45 begins with aetivation of an enzyme that 
eleaves the two sister ehromatids from eaeh other at the een- 
tromere. Eaeh ehromatid is now regarded as a separate, single- 
stranded daughter ehromosome. One daughter ehromosome 
migrates to eaeh pole of the eell, with its eentromere leading 
the way and the arms trailing behind. Migration is aehieved by 
means of motor proteins in the kinetoehore crawling along the 
spindle fiber as the fiber itself is “chewed up” and disassembled 
at the ehromosomal end. Sinee sister ehromatids are genetieally 
identieal and sinee eaeh daughter eell reeeives one ehromatid 


43 meta = next in a series 
44 osfer = star 
46 ana = apart 
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Figure 2.23 Mitosis. The photographs show mitosis in whitefish eggs, 
where ehromosomes are relatively easy to observe. The drawings show a 
hypothetieal eell with only two ehromosome pairs. In humans, there are 23 pairs. 






I 4 














■ * 




t. 


»t* 

/J'. t 

Jr 


1 























* 


k - 

i 


*■■ v 






SSJ'' 

a C* * 1 # 1 











Kàt 


ST 1 




t 






à jfàti rji 1 i 

v'ji Kvh? 

li t ^ -_ 





©Telophase 


Ohromosomes gather 
at eaeh pole of eell. 
Chromatin deeondenses 
New nuclear envelope 
appears at eaeh pole. 
New nucleoli appear 
in eaeh nucleus. 

Mitotie spindle 
vanishes. 


9 





Daughter 
eells in 
interphase 


/ 


j 








Chromatin 




Nucleolus 






49 


© Ed Resehke/Getty Images © Ed Resehke/Getty Images ©EdResehke ©EdResehke 































50 


part o ne Organization of the Body 



Kinetoehore 


Centromere 


Sister- 

ehromatids 





700 nm 


(D 


O 

00 

(D 

(J 


(D 

(J 

LD 

~Xn 

0) 

eo 

(J 

o 

eo 

eo 

< 




Figure 2.24 Chromosomes. (a) Diagram of a ehromosome in 
metaphase. From the end of the S phase of the eell eyele to the 
beginning of anaphase in mitosis, a ehromosome eonsists oftvvo 
genetieally identieal ehromatids. (b) SEM of a metaphase ehromosome. 


from eaeh ehromosome, the daughter eells of mitosis are geneti- 
eally identieal. 

In telophase, 46 the ehromatids cluster on eaeh side of the 
eell. The rough ER produces a new nuclear envelope around 
eaeh cluster, and the ehromatids begin to uncoil and return to the 
thinly dispersed ehromatin form. The mitotie spindle breaks up 
and vanishes. Eaeh new nucleus forms nucleoli, indieating it has 
already begun making RNA and preparing for protein synthesis. 

Telophase is the end of nuclear division but overlaps with 
eytokinesis 47 (SY-toe-kih-NEE-sis), division of the eytoplasm into 
two eells. Early traees of eytokinesis appear even in anaphase. It is 
aehieved by the motor protein myosin pulling on mierofilaments of 
aetin in the terminal web. This ereates a erease ealled the eleavage 
furrow around the equator of the eell, and the eell eventually 
pinehes in two. Interphase has now begun for these new eells. 


Stem Cells 

One of the most eontroversial seientifie issues in the last several 
years has been stem-eell researeh. Stem eells are immature eells 
with the ability to develop into one or more types of mature, 
speeialized eells. Their ability to give rise to a diversity of mature 
eell types is ealled developmental plastieity. Adult stem (AS) 
eells exist in most of the body’s organs. Despite the name, they 
are not limited to adults, but are found also in fetuses, infants, 
and ehildren. They multiply and replaee older eells that are lost to 
damage or normal cellular turnover. Some AS eells are unipotent, 
able to develop into only one mature eell type, such as the eells 
that develop into sperm or epidermal squamous eells. Some are 
multipotent, able to differentiate into multiple mature eell types, 


46 fe/o = end, final 

47 cyfo = eell; kinesis = aetion, motion 


such as eertain bone marrow eells that give rise to multiple types 
of white blood eells. 

Embryonie stem (ES) eells eomprise human embryos 
(teehnieally, preembryos; see ehapter 4) of up to 150 eells. They are 
pluripotent, able to develop into any type of embryonie or adult 
eell. ES eells are easily obtained from the excess embryos ereated 
in fertility elinies when a couple attempts to eoneeive a ehild by in 
vitro fertilization (IVF). In IVF, eggs are fertilized in glassware and 
allowed to develop to about 8 to 16 eells. Some of these are then 
transplanted into the mother’s uterus. Excess embryos are ereated 
to eompensate for the low probability of success. Those that are not 
transplanted to the uterus are usually destroyed, but they present a 
potential source of stem eells for researeh and therapy. 

Skin and bone marrow adult stem eells have been used in therapy 
for many years. There is hope that stem eells ean be manipulated 
to replaee a broader range of tissues, such as injured spinal eords, 
eardiae muscle damaged by a heart attaek, brain tissue lost in 
Parkinson and Alzheimer diseases, or the insulin-secreting eells 
needed by people with diabetes mellitus. Adult stem eells, however, 
seem to have limited developmental potential and to be unable to 
produce all eell types needed to treat a broad range of diseases. In 
addition, they are present in very small numbers and are difficult to 
isolate and culture in the quantities needed for therapy. Embryonie 
stem eells are easier to obtain and culture and have more devel- 
opmental flexibility, but their use remains embroiled in politieal, 
religious, and ethieal debate. Some would argue that if the excess 
embryos from IVF are destined to be destroyed, it would seem 
sensible to use them for benefieial purposes. Others argue, however, 
that potential medieal benefits eannot justify the destmetion of a 
human embryo or even a preembryo of seareely more than 100 eells. 

Further seientifie advanees, however, are beginning to defuse the 
eontroversy to some degree. Cell biologists have developed methods 
to make adult stem eells reverse course on their developmental 
paths, going baek to a phiripotent state that would enable them to go 
down new roads. In prineiple, an AS eell that was originally destined 
to beeome smooth muscle, for example, might be made to revert to 
a pluripotent state, then ehemieally guided down a path leading to 
nervous tissue for Alzheimer patients or persons paralyzed by spinal 
eord injury. Such modified adult eells, now ealled induced pluripo- 
tent stem (iPS) eells, have begun to show great promise for both 
medieal benefit and reduced eontroversy. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

16. State vvhat oeeiirs in eaeh of the foiir phases of the eell 

eyele. 

17. State vvhat occurs in eaeh of the four phases of mitosis. 

18. Explain hovv a eell ensures that eaeh of its daughter eells 

gets an identieal set of genes. 

19. Define unipotent, multipotent, and pluripotent stem eells. 

Give an example of eaeh. 

20. Discuss the advantages and disadvantages of adult and 

embryonie stem eells for therapy. 
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CHAPTER TWO 


Cytology—The Study of Cells 



Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

2.1 The Study of Cells (p. 26) 

1. The meaning of eytology and why it 
is important in medieal anatomy and 
physiology 

2. How the light mieroseope, transmis- 
sion eleetron mieroseope, and seanning 
eleetron mieroseope differ, and the relative 
importanee of magnifieation and resolution 

3. The eell shapes denoted by the terms 
squamous, cuboidal, columnar, polygo- 
nal, stellate, spheroidal, ovoid, diseoid, 
fusiform, ‘ànd fibroiis 

4. The distinetion between the basal, apieal, 
and lateral surfaces of an epithelial eell, and 
why it is important to differentiate them 

5. The size of a mierometer and some 
eommon and extreme human eell sizes in 
terms of mierometers 

6. Reasons why eells eannot grow indefi- 
nitely large; limitations on eell size 

7. The meanings of plasma membrane, eyto- 
plasm, nucleoplasm, eytoskeleton, organ- 
elles, inclusions, and eytosol 

8. Terminology of the fhiids on the inside 
and outside of a eell 

2.2 The Cell Surface (p. 30) 

1. Why the eell surface is so important for an 
understanding of human function 


2. The molecular eomposition and organiza- 
tion of the plasma membrane 

3. The general functions of membrane phos- 
pholipids, eholesterol, proteins, glyeopro- 
teins, and glyeolipids 

4. How integral proteins differ from the 
peripheral proteins of a plasma membrane 

5. The diverse physiologieal roles of mem- 
brane proteins, and terms for the proteins 
that play eaeh role 

6. The importanee of filtration through bio- 
logieal membranes, and the prineipal plaee 
in the body where this is relevant 

7. The proeesses of simple diffusion, osmo- 
sis, reverse osmosis, faeilitated diffusion, 
and aetive transport in relation to the 
plasma membrane; the relationship of eaeh 
proeess to eoneentration gradients, the 
involvement of membrane proteins, and 
the neeessity for ATP 

8. The methods of vesicular transport through 
the plasma membrane: endoeytosis (by 
phagoeytosis, pinoeytosis, and reeeptor- 
mediated endoeytosis) and exocytosis; how 
eaeh proeess is earried out; and the pur- 
poses for which eaeh proeess may be used 

9. The structural and functional differenees 
between mierovilli, eilia, flagella, and 
pseudopods 

10. The eomposition, loeation, and functions 
of a eell’s glycocalyx 

11. The eell junctions that bind eells to eaeh 
other and to extracellular material—tight 
junctions, desmosomes, hemidesmosomes, 


and gap junctions—and the structural and 
hmetional differenees between them 

2.3 The Cell Interior (p. 40) 

1. The three eomponents of the eytoskeleton, 
and how they differ in eomposition and 
function 

2. Structure and ftmetion of a eell’s nucleus, 
rough and smooth endoplasmie reticulum, 
ribosomes, the Golgi complex, proteasomes, 
lysosomes, peroxisomes, mitoehondria, and 
eentrioles 

3. The two types of cellular inclusions, where 
they eome from, and how they differ from 
organelles 

2.4 The Cell Life Cycle (p. 47) 

1. The four stages of the eell eyele and what 
events occur in eaeh one 

2. The four stages of mitosis, what events 
occur in eaeh one, and how the ehro- 
mosomes behave in such a way as to 
produce two genetieally identieal daugh- 
ter eells 

3. The proeess of eytokinesis and how it 
overlaps with mitosis 

4. The structure of a ehromosome as seen 
from prophase to metaphase 

5. The meaning of stem eells; their usefulness 
in medieine; the distinetion between adult 
and embryonie stem eells; and the various 
degrees of developmental plastieity seen in 
stem eells 


Testing Your Reeall 


1. The elear, structureless gel in a eell is its 

a. mieleoplasm. d. neoplasm. 

b. endoplasm. e. eytosol. 

e. eytoplasm. 

2. New nuclei form and a eell pinehes in two 
during 

a. prophase. d. telophase. 

b. metaphase. e. anaphase. 

e. interphase. 

3. The amount of_in a plasma mem- 

brane affeets its stiffness versus fluidity. 

a. phospholipid d. glyeoprotein 

b. eholesterol e. transmembrane 

e. glyeolipid protein 


4. Cells speeialized for absorption of matter 
from the ECF are likely to show an abun- 
danee of 

a. lysosomes. d. seeretory vesieles. 

b. mierovilli. e. ribosomes. 

e. mitoehondria. 

5. Osmosis is a speeial ease of 

a. pinoeytosis. 

b. earrier-mediated transport. 
e. aetive transport. 

d. faeilitated diffusion. 

e. simple difftision. 

6. Embryonie stem eells are best deseribed as 

a. pluripotent. 

b. multipotent. 


e. unipotent. 

d. more developmentally limited than 
adult stem eells. 

e. more difficult to culture and harvest 
than adult stem eells. 

7. The amount of DNA in a eell doubles 
during 

a. prophase. d. the S phase. 

b. metaphase. e. the G 2 phase. 

e. anaphase. 

8. Fusion of a seeretory vesiele with the 
plasma membrane followed by release of 
the vesiele’s eontents is 

a. exocytosis. 

b. reeeptor-mediated endoeytosis. 
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c. aetive transport. 

d. pinoeytosis. 

e. phagoeytosis. 

9. Most cellular membranes are made by 

a. the nucleus. 

b. the eytoskeleton. 

e. enzymes in the peroxisomes. 

d. the endoplasmie reticulum. 

e. replieation of existing membranes. 

10. Matter ean leave a eell by any of the fol- 
lowing means except 

a. aetive transport. d. pinoeytosis. 

b. simple diffusion. e. exocytosis. 

e. faeilitated diffusion. 


11. Most human eells are 10 to 15_wide. 

12. When a hormone eannot enter a eell, it 

binds to a_at the eell surface. 

13. _are ehannels in the plasma mem- 

brane that open or elose in response to 
various sthmili. 

14. Most ATP is produced by organelles ealled 


15. Leakage between eells is restrieted by eell 
junctions ealled_. 


16. Thin sealy eells are deseribed by the term 




17. Two human organelles that are surrounded 

by a double unit membrane are the_ 

and_. 

18. Liver eells ean detoxify aleohol with two 

organelles, the_and_. 

19. Cells adhere to eaeh other and to extracel- 

lular material by means of membrane pro- 
teins ealled_. 

20. A maerophage would use the proeess of 
_to engulf a dying tissue eell. 

Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. The shape of a eell is determined mainly 
by its eytoskeleton. 

2. The plasma membrane is eomposed mostly 
of protein. 

3. A plasma membrane is too thin to be seen 
with the light mieroseope. 


4. The hydrophilie heads of membrane phos- 
pholipids are in eontaet with both the ECF 
and ICF. 

5. Water-soluble substances usually must 
pass through ehannel proteins to enter a 
eell. 

6. Cells must use ATP to move substances 
down a eoneentration gradient. 


7. Osmosis is a type of aetive transport 
involving water. 

8. Cilia and flagella have an axoneme, but 
mierovilli do not. 

9. Desmosomes enable substances to pass 
from eell to eell. 

10. A nucleolus is an organelle within the 
nucleoplasm. 

Answers in appendix A 


Building Your Medieal Vocabulary 


State a medieal meaning ofeaeh of the following 
word elements, and give a term in which it is 
used. 

1. eyto- 

2. squam- 


3. -form 

4. poly- 

5. -philie 

6. phago- 

7. endo- 


8. glyeo- 

9. ehromo- 
10. meta- 


Answers in appendix A 


Testing Your Comprehension 


1. What would probably happen to the 
plasma membrane of a eell if it were eom- 
posed of hydrophilie molecules such as 
earbohydrates? 

2. Sinee eleetron mieroseopes are eapable 
of much more resolution than light 
mieroseopes, why do you think biologists 
go on using light mieroseopes? Why are 
students in introductory biology courses 
not provided with eleetron mieroseopes? 


3. This ehapter mentions that the polio virus 
enters eells by means of reeeptor-mediated 
endoeytosis. Why do you think the vimses 
don’t simply enter through the ehannels in 
the plasma membrane? Cite some speeifie 
faets from this ehapter to support your 
conjecture. 

4. A major tenet of the eell theory is that all 
bodily structure and function result from 
the function of eells. Yet the structural 


properties of bone are due more to its 
extracellular material than to its eells. Is 
this an exception to the eell theory? Why 
or why not? 

5. If a eell were poisoned so its mitoehon- 
dria eeased to hmetion, what membrane 
transport proeesses would immediately 
stop? What ones could continue? 
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W ith its 50 trillion eells and thousands of organs, the 

human body may seem to be a structure of forbid- 
ding complexity. Fortunately for our health, longev- 
ity, and self-understanding, the biologists of past generations 
were not discouraged by this complexity, but diseovered pat- 
terns that made it more understandable. One pattern is the faet 
that these trillions of eells belong to only 200 different types 
or so, and these eells are organized into tissues that fall into 
just 4 broad eategories— epithelial, eonneetive, nervous, and 
musculor tissue. 

Here we study the four tissue elasses; variations within 
eaeh elass; how to reeognize tissue types mieroseopieally and 
relate their mieroseopie anatomy to their function; how tissues 
are arranged to form an organ; and how tissues ehange as they 
grow, shrink, or ehange from one type to another over the life of 
the individual. This ehapter deseribes only mature tissue types. 
Embryonie tissues are discussed in ehapter 4. 



Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. name the four primary elasses into which all adult 
tissues are elassified; and 

b. visualize the three-dimensional shape of a structure 
from a two-dimensional tissue seetion. 


Histology 1 (mieroseopie anatomy) is the study of tissues and 
how they are arranged into organs. Histology bridges the gap 
between the eytology of the preeeding ehapter and the organ sys- 
tem approaeh of the ehapters that follow. 


The Primary Tissue dasses 

A tissue is a mass of similar eells and eell products that forms 
a diserete region of an organ and performs a speeifie function. 
The four primary tissues are epithelial, eonneetive, nervous, and 
muscular tissue (table 3.1). These differ from eaeh other in the 
types and functions of their eells, the eharaeteristies of the matrix 
(extracellular material) that surrounds them, and the relative 
amount of spaee occupied by eells versus matrix. 

In epithelial and muscular tissue, the eells are so elose together 
that the matrix is barely visible, whereas in eonneetive tissue, the 
matrix usually occupies more spaee than the eells do. The matrix 
is eomposed of fibrous proteins and ground substance. The latter 
is often ealled extracellular fluid (ECF), interstitial 2 fluid, or 
tissue fluid, although in eartilage and bone, the matrix is mbbery 
or stony in eonsisteney. 

In summary, a tissue is eomposed of eells and matrix, and the 
matrix is eomposed of fibers and ground substance. 

Interpreting Tissiie Seetions 

In your study of histology, you may be presented with various tissue 
preparations mounted on mieroseope slides. Most such prepara- 
tions are thin sliees ealled histologieal seetions, and are artifieially 
eolored to bring out detail. The best anatomieal insight depends on 
your ability to deduce the three-dimensional structure of an organ 
from these two-dimensional seetions. This ability, in turn, depends 
on an awareness of how tissues are prepared for study. 

Histologists use a variety of techniques to preserve, seetion 
(sliee), and stain tissues to show their structural details as elearly as 
possible. Tissue speeimens are preserved in a fixative —a ehemi- 
eal such as formalin that prevents deeay and makes the tissue more 
firm. After fixation, most tissues are seetioned with a maehine 
ealled a mierotome, which makes sliees that are typieally only 
one or two eells thiek. This is neeessary so the light of a mieroseope 


^histo = tissue; logy = study of 


2 inter = betvveen; stit = to stand 


TABLE 3.1 

The Four Primary Tissue dasses 


Type 

Definition 

Representative Loeations 

Epithelial 

Tissue eomposed of layers of elosely spaeed eells that eover organ 

Epidermis 


surfaces or form glands; serves for proteetion, seeretion, and 

Inner lining of digestive traet 


absorption 

Liver and other glands 

Connective 

Tissue with usually more matrix than eell volume; often speeialized 

Tendons and ligaments 


to support, bind, and proteet organs 

Cartilage and bone 

Blood and lymph 

Nervous 

Tissue eontaining excitable eells speeialized for rapid transmission 

Brain 


of information to other eells 

Spinal eord 

Nerves 

Muscular 

Tissue eomposed of elongated, excitable eells speeialized for 

Skeletal muscles 


eontraetion 

Heart (eardiae muscle) 

Walls of viseera (smooth muscle) 
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CHAPTER THREE 


Histology—The Study of Tissues 


ean pass through and so the image is not confused by too many 
superimposed layers of eells. The seetions are then mounted on 
slides and eolored with histologieal stains to enhanee detail. If 
they were not stained, most tissues would appear pale gray. With 
stains that bind to different eomponents of a tissue, however, you 
may see pink eytoplasm; violet nuclei; and pink, blue, green, or 
golden brown protein fibers, depending on the stain used. 

When viewing such seetions, you must try to translate the 
mieroseopie image into a mental image of the whole structure. 
Like the boiled egg and elbow maearoni in figure 3.1, an objeet 
may look quite different when it is cut at various levels, or planes 
ofseetion. A eoiled tube, such as a gland of the uterus (fig. 3.1c), 
is often broken up into multiple portions sinee it meanders in 
and out of the plane of seetion. An experienced viewer, however, 
would reeognize that the separated pieees are parts of a single 
tube winding its way to the organ surface. Note that a grazing 
sliee through a boiled egg may miss the yolk (fig. 3.1a). Simi- 
larly, a grazing sliee through a eell may miss the nucleus and 
give the false impression that the eell does not have one. In some 
tissue seetions, you are likely to see many eells with nuclei and 
many others in which the nucleus did not fall in the plane of see- 
tion and is therefore absent. 

Many anatomieal structures are signifieantly longer in one 
direetion than another—the humerus and esophagus, for example. 
A tissue cut in the long direetion is ealled a longitudinal seetion 
(l.s.), and one cut perpendicular to this is a eross seetion (e.s.), 
or transverse seetion (t.s.). A seetion cut on a slant between a 


longitudinal and eross seetion is an oblique seetion. Figure 3.2 
shows how eertain organs look when seetioned on eaeh of these 
planes. 

Not all histologieal preparations are seetions. Liquid tissues 
such as blood and soft tissues such as spinal eord may be pre- 
pared as smears, in which the tissue is rnbbed or spread aeross the 
slide rather than slieed. Some membranes and cobwebby tissues 
like the areolar tissue deseribed later in this ehapter are sometimes 
mounted as spreads, in which the tissue is laid out on the slide, 
like plaeing a small square of tissue paper or a tuft of lint on a 
sheet of glass. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. Defìne tissue and distingiiish a tissiie from a eell and an organ. 

2. eiassify eaeh of the following into one of the four primary 
tissue elasses: the skin surface, fat, the spinal eord, most 
heart tissue, bones, tendons, blood, and the inner lining of 
the stomaeh. 

3. What are tissues eomposed of in addition to eells? 

4. What is the term for a thin, stained sliee of tissue mounted 
on a mieroseope slide? 

5. Sketeh what a peneil would look like in a longitudinal see- 
tion, eross seetion, and oblique seetion. 






(a) (b) (e) 

Figure 3.1 Three-Dimensional Interpretation of Two-Dimensional Images. (a) A boiled egg. Note that the grazing seetions (upper left and right) 
miss the yolk, just as a tissue seetion may miss a nucleus or other structure. (b) Elbow maearoni, which resembles many curved ducts and tubules. 
A seetion far from the bend would give the impression of two separate tubules; a seetion near the bend would show two intereonneeted lumina 
(internal spaees); and a seetion still farther down could miss the lumen eompletely. (e) A eoiled gland in three dimensions and as it would look in a 
vertieal tissue seetion. 

• Consider the microtubule in figure 2.17a (p. 42). Sketeh vvhat you think it would look like in a median longitudinal seetion. 
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Longitiidinal seetions 




Cross seetions 





Oblique seetions 



Figure 3.2 Longitudinal, Cross, and Oblique Seetions. Note the 
effeet of the plane of seetion on the two-dimensional appearanee of 
elongated structures such as bones and blood vessels. 



Epithelial Tissue 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the properties that distinguish epithelium 
from other tissue elasses; 

b. list and elassify eight types of epithelium, distinguish 
them from eaeh other, and state vvhere eaeh type ean 
be found in the body; 

e. explain hovv the structural differenees betvveen 
epithelia relate to their functional differenees; and 

d. visually reeognize eaeh epithelial type from speeimens 
or photographs. 


Epithelium 3 is a sheet of tissue eomposed of one or more layers of 
elosely adhering eells, usually serving as the internal lining of a hol- 
low organ or body eavity or the external surface of an organ. Thus, 
we find epithelia lining the pleural, perieardial, and peritoneal eavi- 
ties; lining the inner passages of the respiratory, digestive, urinary, 
and reproductive traets; and eovering the outer surfaces of the stom- 
aeh and intestines. Epithelia also constitute the seeretory tissue and 
ducts of the glands; most tissue of the liver, panereas, and kidneys 
is epithelium. The body’s most extensive epithelium is the epider- 
mis of the skin. Epithelia typieally serve for proteetion, seeretion of 
products such as mucus and digestive enzymes, excretion of wastes, 
and absorption of materials such as oxygen and nutrients. 

The eells and extracellular material of an epithelium ean be 
loosely eompared to the brieks and mortar of a wall. The extracel- 
lular material (“mortar”) of an epithelium is so thin, however, that it 
is barely visible with a light mieroseope, and the eells appear pressed 
very elosely together. Epithelia are avascular 4 —there is no room 
between the eells for blood vessels. Other avascular tissues, such as 
eartilages and tendons, have low metabolie rates and are slow to heal 
when injured. Epithelia, however, almost always lie on a vessel-rieh 
layer of loose eonneetive tissue, which furnishes them with nutrients 
and waste removal. Epithelial eells elosest to the eonneetive tissue 
layer typieally exhibit a high rate of mitosis. This allows epithelia to 
repair themselves very quickly—an ability of speeial importanee in 
proteetive epithelia that are highly vulnerable to such injuries as skin 
abrasions and erosion by digestive enzymes and aeid. 

Between an epithelium and the underlying eonneetive tissue is a 
layer ealled the basement membrane. It eontains eollagen, glyeo- 
proteins, and other protein-earbohydrate complexes, and gradually 
blends with other proteins in the underlying eonneetive tissue. The 
basement membrane serves to anehor an epithelium to the eonnee- 
tive tissue below it; it regulates the exchange of materials between 
the epithelium and the tissues below; and it binds growth faetors 
from below that regulate epithelial development. The surface of an 
epithelial eell that faees the basement membrane is its basal sur- 
faee , and the one that faees away from the basement membrane 
toward the internal eavity (lumen) of an organ is the apieal surface. 

Epithelia are elassified into two broad eategories, simple and 
stratified, with four types in eaeh eategory: 


Simple epithelia 

Simple squamous epithelium 
Simple cuboidal epithelium 
Simple columnar epithelmm 
Pseudostratified columnar epithelium 


Stratified epithelia 

Stratified squamous epithelium 
Stratified cuboidal epithelium 
Stratified columnar epithelium 
Transitional epithelium 


3 ep/ = upon; thel = nipple, female 
4 o = without; vas = vessels 
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(a) eiasses of 
epithelium 


(b) Cell 
shapes 



Squamous Cuboidal Columnar 


Figure 3.3 Cell Shapes and Epithelial Types. Pseudostratified columnar epithelium is a speeial type of simple epithelium that gives a false 
appearanee of multiple eell layers. 


In a simple epithelium, every eell rests on the basement mem- 
brane, whereas in a stratified epithelium, some eells rest on top of 
others and do not touch it (fig. 3.3a). The pseudostratified colum- 
nar type is inehided among simple epithelia, although it presents 
a false appearanee of stratifieation for reasons explained shortly. 
Individual eharaeteristies of all eight epithelia follow (tables 3.2 
and 3.3). 


Simple Epithelia 

Generally, a simple epithelium has only one layer of eells, 
although this is a somewhat debatable point in the pseudostrati- 
fied columnar type. Three types of simple epithelia are named 
for their eell shapes: simple squamous (thin sealy eells), simple 
cuboidal (squarish or round eells), and simple columnar (tall 
narrow eells). In pseudostratified columnar epithelium, not all 
eells reaeh the free surface; the taller eells eover the shorter ones. 
This epithelium looks stratified in most tissue seetions, but eare- 
ful examination, espeeially with the eleetron mieroseope, shows 
that every eell reaehes the basement membrane—like trees in a 
forest, where some grow taller than others but all are anehored in 
the soil below. 

Simple columnar and pseudostratified columnar epithelia often 
have wineglass-shaped goblet eells that produce proteetive mucus 
over the epithelial surface. These eells have an expanded apieal 
end filled with seeretory vesieles; their product beeomes mucus 
when it is seereted and absorbs water. The basal part of the eell is a 
narrow stem, like that of a wineglass, that reaehes to the basement 
membrane. 


Table 3.2 illustrates and summarizes the structural and func- 
tional differenees among the four simple epithelia. In this and the 
subsequent tables, eaeh tissue is represented by a photograph and 
a eorresponding line drawing with labels. The drawings help to 
elarify eell boundaries and other relevant features that may other- 
wise be difficult to see or identify in photographs or through the 
mieroseope. Eaeh figure indieates the approximate magnifieation 
at which the original photograph was made. Eaeh is enlarged much 
more than this when printed in the book, but seleeting the elosest 
magnifieations on a mieroseope should enable you to see a eompa- 
rable level of detail (resolution). 

Stratified Epithelia 

Stratified epithelia range from 2 to 20 or more layers of eells, 
with some eells resting direetly on others (like a multistory apart- 
ment building) and only the deepest layer resting on the base- 
ment membrane. Three of the stratified epithelia are named for 
the shapes of their surface eells: stratified squamous, stratified 
cuboidal, and stratified columnar. The deeper eells, however, 
may be of a different shape than the surface eells. The fourth type, 
transitional epithelium, was named when it was thought to rep- 
resent a transitional stage between stratified squamous and strati- 
fied columnar epithelmm. This is now known to be untrue, but the 
name has persisted. 

Stratified columnar epithelium is rare and of relatively minor 
importanee—seen only in short stretehes where two other epithe- 
lial types meet, as in limited regions of the pharynx, larynx, anal 
eanal, and male urethra. We will not eonsider this type any further. 
The other three types are illustrated and summarized in table 3.3. 
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TABLE 3.2 


Simple Epithelia 


Simple Squamous Epithelium 


Simple Cuboidal Epithelium 
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Squamous epithelial eells 


Nuclei of smooth muscle 


Lumen of kidney tubule Cuboidal epithelial eells Basement membrane 



^ 4* -í 






t 


(b) 







AL ' |Li . 


' 1 






à 


Figure 3.4 Simple Squamous Epithelium in the Serosa of the 


Small Intestine (x400). 



R 


Mieroseopie appearanee: Single layer of thin eells, shaped like fried 
eggs with bulge where nucleus is loeated; nucleus flattened in the 
plane of the eell, like an egg yolk; eytoplasm may be so thin it is hard 
to see in tissue seetions; in surface view, eells have angular contours 
and nuclei appear round 

Representative loeations: Air saes (alveoli) of lungs; glomemlar 
capsules of kidneys; some kidney tubules; inner lining (endothelium) 
of heartand blood vessels; serous membranes ofstomaeh, intestines, 
and some other viseera; surface mesothelium of pleurae, pericardium, 
peritoneum, and mesenteries 

Functions: Allows rapid diffusion or transport of substances through 
membranes; seeretes lubricating serous fluid 


Figure 3.5 Simple Cuboidal Epithelium in Kidney Tubules 
(x400). APJR 

Mieroseopie appearanee: Single layer of square or round eells; 
in glands, eells often pyramidal and arranged like segments of an 
orange around a eentral spaee; spherieal, eentrally plaeed nuclei; 
often with a brush border of mierovilli in some kidney tubules; eiliated 
in bronehioles of lung 

Representative loeations: Liver; thyroid, mammary, salivary, and 
other glands; most kidney tubules; bronehioles 
Functions: Absorption and seeretion; production and movement of 
respiratory mucus 


© McGraw-Hill Education/Dennis Strete, photographer 
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TABLE 3.2 Simple Epithelia (continued) 


Simple Columnar Epithelium Pseudostratified Columnar Epithelium 



Brush border Connective Basement Goblet Columnar 

(mierovilli) tissue membrane Nuclei eell eells 



Cilia Basement membrane Basal eells Goblet eell 



Figure 3.6 Simple Columnar Epithelium in the Mucosa of the Small 
Intestine (x400). R 


Mieroseopie appearanee: Single layer of tall, narrow eells; oval or 
sausage-shaped nuclei, vertieally oriented, usually in basal half of eell; 
apieal portion of eell often shows seeretory vesieles visible with the 
transmission eleetron mieroseope (TEM); often shows a brush border 
of mierovilli; eiliated in some organs; may possess goblet eells 
Representative loeations: Inner lining of stomaeh, intestines, 
gallbladder, uterus, and uterine tubes; some kidney tubules 
Functions: Absorption; seeretion of mucus and other products; 
movement of egg and embryo in uterine tube 


Figure 3.7 eiliated Pseudostratified Columnar Epithelium in the 
Mucosa of the Traehea (x400). APl R 


Mieroseopie appearanee: Looks multilayered; some eells do not 
reaeh free surface but all eells reaeh basement membrane; nuclei at 
several levels in deeper half of epithelium; often with goblet eells; 
often eiliated 

Representative loeations: Respiratory traet from nasal eavity to 
bronehi; portions of male urethra 
Functions: Seeretes and propels mucus 


© McGraw-Hill Education/Dennis Strete, photographer 
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TABLE 3.3 Stratified Epithelia 


Stratified Squamous Epithelium—Keratinized 


Stratified Squamous Epithelium—Nonkeratinized 




Dead squamous eells 


Living epithelial eells 


Dense irregular 
eonneetive tissue 



Living epithelial eells 


Connective tissue 



Figure 3.8 Keratinized Stratified Squamous Epithelium in the Sole 
of the Foot (x400). AP R 


Mieroseopie appearanee: Multiple eell layers with eells beeoming 
inereasingly flat and sealy toward surface; surface eovered with a layer 
of eompaet dead eells without nuclei; basal eells may be cuboidal to 
columnar 

Representative loeations: Epidermis; palms and soles are espeeially 
heavily keratinized 

Functions: Resists abrasion; retards water loss through skin; resists 
penetration by pathogenie organisms 


Figure 3.9 Nonkeratinized Stratified Squamous Epithelium in 
the Mucosa of the Vagina (x400). tóp R 


Mieroseopie appearanee: Same as keratinized epithelium but 
without the surface layer of dead eells 

Representative loeations: Tongue, esophagus, anal eanal, vagina 
Functions: Resists abrasion and penetration by pathogenie 
organisms 
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TABLE 3.3 Stratified Epithelia (continued) 


Stratified Cuboidal Epithelium Transitional Epithelium 



Cuboidal eells Epithelium Connective tissue 



Basement Connective 
membrane tissue 


Binucleate 
epithelial eell 



Figure 3.10 Stratified Cuboidal Epithelium in the Duct of a Svveat 


Gland (x400). AP R 


Mieroseopie appearanee: Two or more layers of eells; surface eells 
roughly square or round 

Representative loeations: Sweat gland ducts; egg-producing vesieles 
(follieles) of ovaries; sperm-producing ducts (seminiferous tubules) of 
testes 

Functions: Contributes to sweat seeretion; seeretes ovarian hormones; 
produces sperm 


Figure 3.T Transitional Epithelium in the Kidney (x400). AP! R 


Mieroseopie appearanee: Somewhat resembles stratified squamous 
epithelium, but surface eells are rounded, not flattened, and often 
bulge above surface; typieally five or six eells thiek when relaxed, two 
or three eells thiek when stretehed; eells may be flatter and thinner 
when epithelium is stretehed (as in a distended bladder); some eells 
have two nuclei 

Representative loeations: LJrinary traet—part of kidney, ureter, 
bladder, part of urethra; allantoie duct of umbilical eord 
Function: Stretehes to allow filling of urinary traet 


© Johnny R. Howze 
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Figure 3.12 Exfoliation of Squamous Cells from the Vaginal Mucosa 

(SEM). 


The most widespread epithelium in the body is stratified 
squamous, which warrants further discussion. In the deep- 
est layer, the eells are cuboidal to columnar and undergo eon- 
tinual mitosis. Their daughter eells push toward the surface 
and beeome flatter (more squamous) as they migrate farther 
upward, until they die and flake off. Their separation from 
the surface is ealled exfoliation (desquamation) (fig. 3.12); 
the study of exfoliated eells is ealled exfoliate eytology. You 
ean easily study exfoliated eells by seraping your gums with a 
toothpiek, smearing this material on a slide, and staining it. A 
similar procedure is used in the Pap smear, an examination of 
exfoliated eells from the cervix for signs of uterine eaneer (see 

fig. 26.25, p. 733). 

Stratified squamous epithelia are of two kinds—keratinized 
and nonkeratinized. A keratinized (eornified) epithelium, found 
on the skin surface (epidermis), is eovered with a layer of eom- 
paet, dead squamous eells (see fig. 3.8). These eells are paeked 
with the durable protein keratin and eoated with a water-repellent 
glyeolipid. The skin surface is therefore relatively dry; it retards 
water loss from the body; and it resists penetration by disease 
organisms. (Keratin is also the protein of which animal horns are 
made, henee its name. 5 ) The tongue, esophagus, vagina, and a 
few other internal surfaces are eovered with the nonkeratinized 


5 kerat = horn 


type, which laeks the layer of dead eells (see fig. 3.9). This type 
provides a surface that is, again, abrasion-resistant, but also moist 
and slippery. These eharaeteristies are well suited to resist stress 
produced by the chewing and swallowing of food and by sexual 
intercourse and ehildbirth. 

Transitional epithelium is another particularly interesting 
type of stratified epithelium. Why is it limited to the urinary 
traet? The answer relates to the faet that urine is usually aeidie 
and hypertonie to the intracellular fluids. It would tend to draw 
water out of eells by osmosis and kill them if there were noth- 
ing to proteet the eells. The domed surface eells of transitional 
epithelium, however, have a unique proteetive property. They 
are ealled umbrella eells. On the upper surface of an umbrella 
eell, the outer phospholipid layer of the plasma membrane is 
thieker than usual and has dense patehes ealled lipid rafts with 
embedded proteins ealled uroplakins. IJroplakins are imperme- 
able to urine and proteet the epithelium, including the eyto- 
plasm of the umbrella eell itself. The lipid rafts are eonneeted to 
eaeh other by hinges of ordinary plasma membrane. When the 
bladder is empty and relaxed, these plaques fold at the hinges, 
drop into the eell interior for storage (like folding a laptop eom- 
puter and putting it away), and the eells bulge upward as seen 
in figure 3.11. As the bladder fills with urine, the hinges open 
(like opening the computer), the plaques spread out over the 
surface to proteet the eell, and the umbrella eells beeome thin- 
ner and flatter. Not surprisingly, this type of epithelium is best 
developed in the bladder, where it is subject to the most pro- 
longed eontaet with urine. 


Before You Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

6. Distinguish betvveen simple and stratified epithelia, and 
explain vvhy pseudostratified columnar epithelium belongs 
in the former eategory. 

7. Explain hovv to distinguish a stratified squamous epithelium 
from a transitional epithelium. 

8. What function do keratinized and nonkeratinized strati- 
fied squamous epithelia have in eommon? What is the 
structural differenee betvveen these tvvo? Hovv is this 
structural differenee related to a functional differenee 
betvveen them? 

9. Hovv do the epithelia of the esophagus and stomaeh differ? 
Hovv does this relate to their respeetive functions? 

10. Explain vvhy epithelial tissue is able to repair itself quickly 

even though it is avascular. 

11. Explain vvhy transitional epithelium is speeifieally adapted 
to the urinary traet. 
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Connective Tissiie 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be 
able to 

a. deseribe the properties that most eonneetive tissues 
have in eommon; 

b. discuss the types of eells found in eonneetive tissue; 
e. explain what the matrix of a eonneetive tissue is and 

deseribe its eomponents; 

d. name 10 types of eonneetive tissue and identify their 
functional speeializations; 

e. deseribe the cellular eomponents and matrix of eaeh 
type, and explain what structurally distinguishes them 
from eaeh other; and 

f. visually reeognize eaeh eonneetive tissue type from 
speeimens or photographs. 


O ve rvi e w 

Connective tissue is a type of tissue in which eells usually occupy 
less spaee than the extracellular material, and that serves in most 
eases to support and proteet organs or bind organs to eaeh other. 
Most eells of a eonneetive tissue are not in direet eontaet with eaeh 
other, but are well separated by extracellular material. Most kinds 
of eonneetive tissue are highly vascular—riehly supplied with 
blood vessels. Connective tissue is the most abundant, widely dis- 
tributed, and histologieally variable of the primary tissues. Mature 
eonneetive tissues fall into four broad eategories \fibrous eonnee- 
tive tissne, adipose tissne, supportive eonneetive tissue (eartilage 
and bone), and fluid eonneetive tissue (blood). 

The functions of eonneetive tissue include the following: 

• Binding of organs. Tendons bind muscle to bone, ligaments 
bind one bone to another, fat holds the kidneys and eyes 

in plaee, and fibrous tissue binds the skin to underlying 
muscle. 

• Support. Bones support the body, and eartilage supports the 
ears, nose, traehea, and bronehi. 

• Physieal proteetion. The cranium, ribs, and sternum proteet 
delieate organs such as the brain, lungs, and heart; fatty cush- 
ions around the kidneys and eyes proteet these organs. 

• Immune proteetion. Connective tissue eells attaek foreign 
invaders, and eonneetive tissue fiber forms a “battlefield” 
under the skin and mucous membranes where immune eells 
ean be quickly mobilized against disease agents. 

• Movement. Bones provide the lever system for body move- 
ment, eartilages are involved in movement of the voeal eords, 
and eartilages on bone surfaces ease joint movements. 

• Storage. Fat is the body’s major energy reserve; bone is a 
reservoir of calcium and phosphoms. 

• Heat production. Metabolism of brown fat generates heat in 
infants and ehildren. 


• Transport. Blood transports gases, nutrients, wastes, hor- 
mones, and blood eells. 


Fibrous Connective Tissue 

Fibrous eonneetive tissue is the most diverse type of eonneetive 
tissue. It is also ealled fibroeonneetive tissue or eonneetive tissue 
proper. Nearly all eonneetive tissues eontain fibers, but the tissues 
eonsidered here are elassified together because the fibers are so 
conspicuous. The tissue, of course, also inehides eells and ground 
substance. Before examining speeifie types of fibrous eonneetive 
tissue, we will examine these eomponents. 


Components of Fibrous Connective Tissue 

Cells The eells of fibrous eonneetive tissue include the follow- 
ing types: 

• Fibroblasts . 6 These are large, fusiform eells that often show 
slender, wispy branehes. They produce the fibers and ground 
substance that form the matrix of the tissue. 

• Maerophages . 7 These are large phagoeytie eells that wander 
through the eonneetive tissues. They phagoeytize and destroy 
baeteria, other foreign matter, and dead or dying eells of our own 
body. They also aetivate the imrmme system when they sense 
foreign matter ealled antigens. They arise from eertain white 
blood eells ealled monoeytes or from the stem eells that produce 
monoeytes. 

• Leukocytes , 8 or white blood eells (WBCs). WBCs travel 
briefly in the bloodstream, then crawl out through the eapillary 
walls and spend most of their time in the eonneetive tissues. 

The two most eommon types are neutrophils, which wander 
about in seareh of baeteria, and lymphoeytes, which reaet 
against baeteria, toxins, and other foreign agents. Lymphoeytes 
often form dense patehes in the mucous membranes. 

• Plasma eells. Certain lymphoeytes turn into plasma eells when 
they deteet foreign agents. The plasma eells then synthesize dis- 
ease-fighting proteins ealled antibodies. Plasma eells are rarely 
seen except in inflamed tissue and the walls of the intestines. 

• Mast eells. These eells, found espeeially alongside blood 
vessels, seerete a ehemieal ealled heparin that inhibits blood elot- 
ting, and one ealled histamine that inereases blood flow by dilating 
blood vessels. 

• Adipoeytes (AD-ih-po-sites), or fat eells. These appear in 
small clusters in some fibrous eonneetive tissues. When they 
dominate an area, the tissue is ealled adipose tissue. 


Fibers Three types of protein fibers are found in fibrous eon- 
neetive tissues: 

• Collagenous (col-LADJ-eh-nus) fibers. These fibers, made 
of eollagen, are tough and flexible and resist stretehing. Col- 
lagen is the body’s most abundant protein, constituting about 
25% of the total. It is the base of such animal products as 


6 fibro = fiber; blast = producing 

7 macro = big; phage = eater 

8 leuko = vvhite; eyfe = eell 
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Figure 3.13 Tendons of the Hand. The vvhite glistening 

appearanee results from the eollagen of vvhieh tendons are eomposed. 

The braeeletlike extensor retinaculum aeross the vvrist is also 

eomposed of eollagen. 

• Which eotegory of eonneetive tissue eomposes these tendons? 

gelatin, leather, and glue. 9 In fresh tissue, collagenous fibers 
have a glistening white appearanee, as seen in tendons and 
some cuts of meat (fig. 3.13); thus, they are often ealled 
white fibers. In tissue seetions, eollagen forms eoarse, wavy 
bundles, often dyed pink, blue, or green by the most eommon 
histologieal stains. Tendons, ligaments, and the deep layer of 
the skin (the dermis) are made mainly of eollagen. Less vis- 
ibly, eollagen pervades the matrix of eartilage and bone. 

• Reticular 10 fibers. These are thin eollagen fibers eoated with 
glyeoprotein. They form a spongelike framework for such 
organs as the spleen and lymph nodes. 

• Elastie fibers. These are thinner than collagenous fibers, and 
they braneh and rejoin eaeh other along their course. They 
are made of a protein ealled elastin, whose eoiled structure 
allows it to streteh and reeoil like a mbber band. Elastie fibers 
account for the ability of the skin, lungs, and arteries to spring 
baek after they are stretehed. (Elastieity is not the ability to 
streteh, but the tendeney to reeoil when tension is released.) 




PER INSIGHT 



Collagen Diseases 

The gene for eollagen is espeeially subject to mutation, and 
there are consequently several diseases that stem from heredi- 
tary defeets in eollagen synthesis. Sinee eollagen is such a vvide- 
spread protein in the body, the effeets are very diverse. People 
vvith Ehlers-Danlos 11 syndrome have abnormally long, loose eol- 
lagen fibers, vvhieh shovv their effeets in unusually stretehy skin; 
loosejoints; slovv wound healing; and abnormalities in the blood 
vessels, intestines, and urinary bladder. Infants with this syndrome 
are often born with disloeated hips. Osteogenesis imperfeeta is a 
hereditary eollagen disease that affeets bone development (see 
Deeper Insight 3.3). 

Not all eollagen diseases are hereditary, however. Scurvy, for 
example, results from a dietary defieieney of vitamin C (aseorbie 
aeid). Aseorbie aeid is a eofaetor needed for the metabolism of 
proline and lysine, two amino aeids that are espeeially abundant 
in eollagen. The signs of scurvy include bleeding gums, loose 
teeth, subcutaneous and intramuscular hemorrhages, and poor 
wound healing. 


Ground Substance Amid the eells and fibers in some eonnee- 
tive tissue seetions, there appears to be a lot of empty spaee. In living 
tissue, this spaee is occupied by the featureless ground substance. 
Ground substance usually has a gelatinous eonsisteney resulting 
from three elasses of large molecules eomposed of protein and ear- 
bohydrate: glyeosaminoglyeans (GAGs), proteoglyeans, and adhesive 
glyeoproteins. Some of these molecules are up to 20 pm long—larger 
than some eells. The ground substance absorbs eompressive forees 
and, like the Styrofoam paeking in a shipping earton, it proteets the 
more delieate eells from meehanieal injury. GAGs also form a very 
slippery lubricant in the joints and constitute much of the jellylike 
vitreoiis body of the eyeball. In eonneetive tissue, such molecules 
form a gel that slows down the spread of baeteria and other pathogens 
(disease-causing agents). Adhesive glyeoproteins bind plasma mem- 
brane proteins to eollagen and proteoglyeans outside the eell. They 
bind all the eomponents of a tissue together and mark pathways that 
guide migrating embryonie eells to their destinations in a tissue. 

Types of Fibrous Cormective Tissue 

Fibrous eonneetive tissue is divided into two broad eategories 
aeeording to the relative abundance of fiber: loose and dense eon- 
neetive tissue. In loose eonneetive tissue, much of the spaee is 
occupied by ground substance, which is dissolved out of the tissue 
during histologieal fixation and leaves empty spaee in prepared 
tissue seetions. The loose eonneetive tissues we will discuss are 
areolar tissue and reticular tissue (table 3.4). In dense eonnee- 
tive tissue, fiber occupies more spaee than the eells and ground 
substance, and appears elosely paeked in tissue seetions. The two 
dense eonneetive tissues we will discuss are dense regular and 
dense irregular eonneetive tissue (table 3.5). 


9 co//a = glue;gen = producing 
10 ref = netvvork; icul = little 


^Edvvard L. Ehlers (1863-1937), Danish dermatologist; Henri A. Danlos (1844-1912), 
Freneh dermatologist 
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TABLE 3.4 


Loose Connective Tissues 
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Figure 3.14 Areolar Tissue in a Spread of the Mesentery 
(x400). AP|R_ 


Mieroseopie appearanee: Loose arrangement of collagenous and 
elastie fibers; seattered eells of various types; abundant ground 
substance; numerous blood vessels 

Representative loeations: LJnderlying nearly all epithelia; surrounding 
blood vessels, nerves, esophagus, and traehea; faseiae between 
muscles; mesenteries; viseeral layers of pericardium and pleura 
Functions: Loosely binds epithelia to deeper tissues; allows passage 
of nerves and blood vessels through other tissues; provides an 
arena for immune defense; provides nutrients and waste removal for 
overlying epithelia 


Figure 3.1E Reticular Tissue in the Spleen (x400). AP! R 


Mieroseopie appearanee: Loose network of reticular fibers and 
eells, infiltrated with numerous lymphoeytes and other blood eells 
Representative loeations: Lymph nodes, spleen, thymus, bone 
marrow 

Functions: Supportive stroma (framework) for lymphatie organs 


D McGraw-Hill Education/AI Telser, photographer 



































66 


part o ne Organization of the Body 


TABLE 3.5 


Dense Connective Tissues 


Dense Regular Connective Tissue 


Dense lrregular Connective Tissue 
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Ground substance 


Fibroblast nuclei 
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Bundles of Gland 
eollagen fibers ducts 


Fibroblast Ground 
nuclei substance 



Figure 3.16 Dense Regular Connective Tissue in a Tendon 
(x400). APLR 

Mieroseopie appearanee: Densely paeked, parallel, often wavy 
eollagen fibers; slender fibroblast nuclei eompressed between eollagen 
bundles; seanty open spaee (ground substance); seareity of blood 
vessels 

Representative loeations: Tendons and ligaments 
Functions: Ligaments tightly bind bones together and resist stress; 
tendons attaeh muscle to bone and move the bones when the muscles 
eontraet 


Figure 3.1 Dense lrregular Connective Tissue in the Dermis 
of the Skin (x400). AP R 


Mieroseopie appearanee: Densely paeked eollagen fibers running 
in random direetions; seanty open spaee (ground substance); few 
visible eells; long fibers in the tissue appear as short, chopped-up 
pieees in thin histologieal seetions, as in photo 
Representative loeations: Deeper portion of dermis of skin; 
capsules around viseera such as liver, kidney, spleen; fibrous sheaths 
around muscles, nerves, eartilages, and bones 
Functions: Durable, hard to tear; variable orientation of fibers 
withstands stresses applied in unpredictable direetions 


© McGraw-Hill Education/Dennis Strete, photographer 
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Areolar 12 (AIR-ee-OH-lur) tissue exhibits loosely organized 
fibers, abundant blood vessels, and a lot of seemingly empty spaee. 
It possesses all six of the aforementioned eell types. Its fibers mn 
in random direetions and are mostly collagenous, but elastie and 
reticular fibers are also present. Areolar tissue is highly variable in 
appearanee. In many serous membranes, it looks like figure 3.14, 
but in the skin and mucous membranes, it is more eompaet (see 
fig. 3.8b) and is sometimes difficult to distinguish from dense 
irregular eonneetive tissue. Some adviee on how to tell them apart 
is given after the discussion of dense irregular eonneetive tissue. 

Areolar tissue is found in histologieal seetions from almost 
every part of the body. It surrounds blood vessels and nerves and 
penetrates with them even into the small spaees of muscles, ten- 
dons, and other organs. Nearly every epithelium rests on a layer 
of areolar tissue, whose blood vessels provide the epithelium with 
nutrition, waste removal, and a ready supply of infeetion-fighting 
leukocytes in times of need. Because of the abundance of open, 
fluid-filled spaee, leukocytes ean move about freely in areolar tis- 
sue and ean easily find and destroy pathogens. 

Reticular tissue (fig. 3.15) is a mesh of reticular fibers and 
fibroblasts. It forms the structural framework (stroma) of such 
organs as the lymph nodes, spleen, thymus, and bone marrow. The 
spaee amid the fibers is filled with blood eells. Imagine a kitehen 
sponge soaked with blood; the sponge fibers are analogous to the 
reticular tissue stroma. 

Dense regular eonneetive tissue is named for two properties: 
(1) The eollagen fibers are elosely paeked and leave relatively little 
open spaee, and (2) the fibers are parallel to eaeh other. It is found 
espeeially in tendons and ligaments. The parallel arrangement of 
fibers is an adaptation to the faet that tendons and ligaments are 
pulled in predietable direetions. With some minor exceptions such 
as blood vessels and sensory nerve fibers, the only eells in this tis- 
sue are fibroblasts, visible by their slender, violet-staining nuclei 
squeezed between bundles of eollagen. This type of tissue has few 
blood vessels and reeeives a meager supply of oxygen and nutri- 
ents, so injured tendons and ligaments are slow to heal. 

The voeal eords and some ligaments of the vertebral column are 
made of a type of dense regular eonneetive tissue ealled elastie tissue. 
In addition to the densely paeked eollagen fibers, it exhibits branehing 
elastie fibers and more fibroblasts. The fibroblasts have larger, more 
conspicuous nuclei than seen in most dense regular eonneetive tissue. 

Elastie tissue takes the form of wavy sheets in the walls of large 
arteries. When the heart pumps blood into the arteries, these sheets 
enable them to expand and relieve some of the pressure on smaller 
vessels downstream. When the heart relaxes, the arterial wall springs 
baek and keeps the blood pressure from dropping too low between 
heartbeats. The importanee of this elastie tissue beeomes espeeially 
elear in diseases such as atheroselerosis, in which the tissue is stiff- 
ened by lipid and ealemm deposits, and Marfan syndrome, a genetie 
defeet in elastin synthesis (see Deeper Insight 3.2). 

Dense irregular eonneetive tissue also has thiek bundles of 
eollagen and relatively little room for eells and ground substance, 
but the eollagen bundles run in seemingly random direetions. This 
arrangement enables the tissue to resist unpredictable stresses. 
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The Consequences of Defeetive Elastin 

Marfan 13 syndrome is a hereditary defeet in elastin fibers, usually 
resulting from a mutation in the gene for fìbrillin, a glyeoprotein 
that forms the structural seaffold for elastin. Clinical signs of Mar- 
fan syndrome include hyperextensiblejoints, hernias of the groin, 
and vision problems resulting from abnormally elongated eyes 
and deformed lenses. People with Marfan syndrome typieally 
show unusually tall stature, long limbs, spidery fingers, abnormal 
spinal curvature, and a protmding “pigeon breast.” More seri- 
ous problems are weakened heart valves and arterial walls. The 
aorta, where blood pressure is highest, is sometimes enormously 
dilated elose to the heart and may rupture. Marfan syndrome is 
present in about 1 out of 20,000 live births, and most vietims die 
by their mid-30s. A number of star athletes have died at a young 
age of Marfan syndrome, including Olympie volleyball ehampion 
Flo Hyman, who died of a ruptured aorta during a game in Japan 
in 1986, at the age of 31. 


Dense irregular eonneetive tissue constitutes most of the dermis, 
where it binds the skin to the underlying muscle and eonneetive 
tissue. It forms a proteetive capsule around organs such as the kid- 
neys, testes, and spleen and a tough fibrous sheet around the bones, 
nerves, and most eartilages. 

It is sometimes difficult to judge whether a tissue is areolar or 
dense irregular. In the dermis, for example, these tissues occur side 
by side, and the transition from one to the other is not at all obvious 
(see fig. 3.8b). A relatively large amount of elear spaee suggests 
areolar tissue, and thieker bundles of eollagen with relatively little 
elear spaee suggest dense irregular tissue. 


Adipose Tissue 

Adipose tissue, or fat, is tissue in which adipoeytes are the domi- 
nant eell type (table 3.6). Adipoeytes may also occur singly or in 
small clusters in areolar tissue. The spaee between adipoeytes is 
occupied by areolar tissue, reticular tissue, and blood eapillaries. 

Fat is the body’s primary energy reservoir. The quantity of 
stored fat and the number of adipoeytes are quite stable in a person, 
but this does not mean stored fat is stagnant. New fat molecules 
are eonstantly synthesized and stored as others are broken down 
and released into circulation. Thus, there is a eonstant turnover of 
stored fat, with an equilibrium between synthesis and breakdown, 
energy storage and energy use. 

There are two kinds of fat in humans—white (or yellow) fat 
and brown fat. White fat is the more abundant and signifieant type 
in the adult body. Its adipoeytes usually range from 70 to 120 pm 
in diameter, but they may be five times as large in obese people. 
They have a single large, eentral globule of fat (fig. 3.18). This is 
an inclusion, not an organelle; it is not eontained in a membrane. 
It has a solid, greasy eonsisteney (think of baeon fat). Adipoeyte 


u oreolo = little spaee 


13 Antoine Bernard-Jean Marfan (1858-1942), Freneh physieian 
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TABLE 3.6 


Adipose Tissue 
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Figure 3.18 Adipose Tissue in the Breast (x100). 



R 


Mieroseopie appearanee: Dominated by adipoeytes—large, 
empty-looking eells with thin margins and nucleus pressed against 
inside of plasma membrane; eells usually shriveled by histologieal 
fixative; tissue seetions often pale because of seareity of stained 
eytoplasm; blood vessels often visible 

Representative loeations: Subcutaneous fat beneath skin; breast; 
heart surface; mesenteries; surrounding such organs as kidneys and 
eyes 

Functions: Energy storage; thermal insulation; heat production by brown 
fat; proteetive cushion for some organs; filling spaee, shaping body 


eytoplasm is restrieted to a thin layer immediately beneath the 
plasma membrane, and the nucleus is pushed against the edge of 
the eell. Sinee the fat globule is dissolved by most histologieal fix- 
atives, fat eells in most tissue speeimens look empty and somewhat 
eollapsed, with some resemblanee to ehieken wire. 


White fat provides thermal insulation, anehors and cushions such 
organs as the eyeballs and kidneys, and contributes to sex-specific 
body contours such as the female breasts and hips. On average, 
women have more fat relative to body weight than men do. Female 
body fat helps to meet the ealorie needs of pregnaney and nursing an 
infant, and having too little fat reduces female fertility. 

Brown fat is found primarily in fetuses, infants, and ehildren; it 
accounts for up to 6% of an infant’s weight, and is eoneentrated espe- 
eially in fat pads in the shoulders, upper baek, and around the kid- 
neys. Brown fat gets its eolor from an unusual abundance of blood 
vessels and eertain enzymes in its mitoehondria. It stores lipid in 
the form of multiple droplets rather than one large one. Brown fat 
is a heat-generating tissue. It has numerous mitoehondria, but their 
metabolism is not linked to ATP synthesis. Therefore, when these 
eells oxidize fats, they release all of the energy as heat. Hibernating 
animals accumulate brown fat in preparation for winter and oxidize 
it solely to generate a little heat during the hibernation period. It is 
espeeially signifieant in human infants and ehildren because they 
have a larger body surface area, relative to volume, than adults do, 
and they are more vulnerable than adults to heat loss. 


14 


Cartilage 

Cartilage (table 3.7) is a relatively stiff eonneetive tissue with a 
flexible mbbery matrix; you ean feel its texture by folding and 
releasing your external ear or palpating the tip of your nose or 
your “Adam’s apple” (thyroid eartilage of the larynx). It is also 
easily seen in many groeery items—it is the milky-eolored gristle 
at the end of pork ribs and on ehieken thigh and breast bones, for 
example. Among other functions, eartilages shape and support the 
nose and ears and partially enelose the larynx (voiee box), traehea 
(windpipe), and thoraeie eavity. 

Cartilage is produced by stem eells ealled ehondroblasts 
(CON-dro-blasts), which seerete the matrix and surround them- 
selves with it until they beeome trapped in little eavities ealled 
lacunae 15 (la-CUE-nee). Onee enelosed in lacunae, they are ealled 
ehondroeytes (CON-dro-sites). Cartilage only rarely exhibits blood 
vessels, and even when it does, these vessels are just passing through 
without giving off eapillaries to nourish the tissue. Therefore, nutri- 
tion and waste removal depend on solute diffusion through the stiff 
matrix. Because this is a slow proeess, ehondroeytes have low rates 
of metabolism and eell division, and injured eartilage heals slowly. 

The matrix is rieh in glyeosaminoglyeans and eontains eollagen 
fibers that range from invisibly fine to conspicuously eoarse. Dif- 
ferenees in the fibers provide a basis for elassifying eartilage into 
three types: hyaline eartilage, elastie eartilage, and fibroeartilage. 


Apply What You Know 

When the follovving tissues are injured, vvhieh do you think is 
the fastest to heal, and vvhieh do you think is the slovvest— 
eartilages, adipose tissue, or tendons? Explain your reasoning. 


n chondro = eartilage, gristle; blast = forming 
15 /oci/no = lake, eavity, pit 
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TABLE 3.7 Types of Oartilage 


Hyaline Oartilage Elastie Oartilage Fibroeartilage 
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Figure 3.19 Hyaline Cartilage in a 
Bronchus (x400). AP| R 

Mieroseopie appearanee: Clear, glassy 
matrix, often stained light blue, violet, or pink 
in tissue seetions; fine, dispersed eollagen 
fibers, not usually visible; ehondroeytes often 
in small clusters of three orfour eells (eell 
nests), enelosed in lacunae; usually eovered 
by perichondrium 

Representative loeations: Forms a thin 
articulor eortiloge, laeking perichondrium, 
over the ends of bones at movable joints; 
forms supportive rings and plates around 
traehea and bronehi; forms a boxlike 
enclosure around the larynx; a eostol 
eortiloge attaehes the end of a rib to the 
breastbone; forms much of the fetal skeleton 
Functions: Eases joint movements; holds 
airway open during respiration; moves voeal 
eords during speeeh; a precursor of bone in 
the fetal skeleton and forms the growth zones 
of long bones of ehildren 


Figure 3.20 Elastie Cartilage in the 

External Ear (x1,000). AP! R 

Mieroseopie appearanee: Elastie fibers form 
weblike mesh amid lacunae; always eovered by 
perichondrium 

Representative loeations: External ear; 
epiglottis 

Functions: Provides flexible, elastie support 


Figure 3.21 Fibroeartilage in an 

Intervertebral Dise (x400). APi R 


Mieroseopie appearanee: Parallel eollagen 
fibers similar to those of tendon; rows of 
ehondroeytes in lacunae between eollagen 
fibers; never has a perichondrium 
Representative loeations: Pubic symphysis 
(anterior joint between two halves of pelvie 
girdle); intervertebral dises that separate 
bones of spinal column; menisei, or pads of 
shoek-absorbing eartilage, in kneejoint; at 
points where tendons insert on bones near 
articular hyaline eartilage 
Functions: Resists eompression and absorbs 
shoek in some joints; often a transitional 
tissue between dense eonneetive tissue 
and hyaline eartilage (for example, at some 
tendon-bone junctions) 


© McGraw-Hill Education/AI Telser, photographer 
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Hyaline 16 (HY-uh-lin) eartilage is named for its elear, glassy, 
mieroseopie appearanee, which stems from the usually invisible 
fineness of its eollagen fibers. Elastie eartilage is named for 
its conspicuous elastie fibers, and fibroeartilage for its eoarse, 
readily visible bundles of eollagen. Elastie eartilage and most hya- 
line eartilage are surrounded by a sheath of dense irregular eonnee- 
tive tissue ealled the perichondrium 17 (PAIR-ih-CON-dree-um). 
A reserve population of ehondroblasts between the perichondrium 
and eartilage contributes to eartilage growth throughout life. Peri- 
chondrium is laeking from fibroeartilage and from some hyaline 
eartilage, such as the eartilage eaps at the ends of the long bones. 


Bone 

Bone, or osseous tissue, is a hard, ealeified eonneetive tissue 
that eomposes the skeleton. The term bone has two meanings in 
anatomy—an entire organ such as the femur or mandible, or just 
the osseous tissue. The bones of the skeleton are eomposed of not 
only osseous tissue but also eartilage, bone marrow, dense irreg- 
ular eonneetive tissue, and other tissue types. Bones support the 
body as a whole and give proteetive enclosure for the brain, spinal 
eord, heart, lungs, and pelvie organs. 

There are two forms of osseous tissue: (1) Spongy bone fills 
the heads of the long bones (see fig. 6.5, p. 138) and forms the 
middle layer of flat bones such as the sternum and eranial bones. 
Although it is ealeified and hard, its delieate slivers and plates give 
it a spongy appearanee. (2) Compact (dense) bone is a denser eal- 
eified tissue with no spaees visible to the naked eye. It forms the 
external surfaces of all bones, so spongy bone, when present, is 
always eovered by a shell of eompaet bone. 

Further differenees between eompaet and spongy bone are 
deseribed in ehapter 6. Here, we examine only eompaet bone 
(table 3.8). Most speeimens you study will probably be ehips of 
dried eompaet bone ground to mieroseopie thinness. Most eom- 
paet bone is arranged as eylinders of tissue that surround eentral 
(haversian 18 ) eanals, which run longitudinally through the shafts 
of long bones such as the femur. The bone matrix is deposited in 
eoneentrie lamellae 19 —onionlike layers around eaeh eentral eanal. A 
eentral eanal and its surrounding lamellae are ealled an osteon. Tiny 
lacunae between the lamellae are occupied by mature bone eells, or 
osteoeytes. 20 Delieate eanals ealled canaliculi 21 radiate from eaeh 
lacuna to its neighbors and allow the osteoeytes to eontaet eaeh other. 
The bone as a whole is eovered with a tough fibrous periosteum 22 
(PERR-ee-OSS-tee-um) similar to the perichondrium of eartilage. 

In the living state, blood vessels and nerves run through the 
eentral eanals and osteoeytes occupy the lacunae and canaliculi. 
The osseous tissue most eommonly presented for introductory 
laboratory study, however, is dead and dried—devoid of eells, 
blood vessels, and nerves. For eontrast, these bone ehips are often 


m hyal = glass 

17 per/ = around; ehondri = eartilage 

18 Clopton Havers (1650-1702), English anatomist 

19 /o/r? = plate; ella = little 

20 osfeo = bone; eyfe = eell 

21 cono/ = eanal, ehannel; icul = little 

22 peri = around; osfe = bone 
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Figure 3.22 eompaet Bone (x100). |\PIR 


Mieroseopie appearanee (eompaet bone, e.s.): Calcified matrix 
arranged in eoneentrie lamellae around eentral eanals; osteoeytes 
occupy lacunae between adjaeent lamellae; lacunae intereonneeted 
by delieate canaliculi 

Representative loeation: Skeleton 

Functions: Physieal support of body; leverage for muscle aetion; 
proteetive enclosure of viseera; reservoir of calcium and phosphoms 


saturated with India ink to blaeken the eentral eanals, lacunae, and 
canaliculi (as in fig. 3.22). 

About one-third of the dry weight of bone is eomposed of eol- 
lagen fibers and glyeosaminoglyeans, which enable bone to bend 
slightly under stress (see Deeper Insight 3.3). Two-thirds eonsists 
of minerals (mainly calcium and phosphate salts) that enable bones 
to withstand eompression by the weight of the body. 
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Brittle Bone Disease 

Osteogenesis 23 imperfeeta (Ol) is a hereditary defeet of eollagen 
deposition in the bones. Collagen-deficient bones are exception- 
ally brittle, and so this disorder is also ealled brittle bone disease. 
Children with 01 often exhibit bone fractures even at birth, and 
they suffer frequent spontaneous fractures throughout ehildhood. 
They may have deformed teeth as well as hearing impairments 
resulting from deformity of the middle-ear bones. Children with 01 
are sometimes mistaken for battered ehildren, and their parents 
falsely accused, before the disease is diagnosed. In severe eases, 
the ehild is stillborn or dies soon after birth, whereas other persons 
live with 01 into adulthood. Little ean be done for ehildren with 
this disease except for very careful handling, prompt treatment of 
fractures, and orthopedie braees to minimize skeletal deformity. 


Blood 

Blood (table 3.9) is a fluid eonneetive tissue that travels through 
tubular blood vessels. Its primary function is to transport eells and 
dissolved matter from plaee to plaee. It may seem odd that a tissue 
as fluid as blood and another as roek hard as bone are both eonsid- 
ered eonneetive tissues, but they have more in eommon than first 
meets the eye. Like other eonneetive tissues, blood is eomposed 
of more ground substance than eells. Its ground substance is the 
blood plasma and its cellular eomponents are eolleetively ealled 
the formed elements. LJnlike other eonneetive tissues, blood does 
not usually exhibit fibers, yet protein fibers do appear when the 
blood elots. Yet another faetor plaeing blood in the eonneetive tis- 
sue eategory is that it is produced by the eonneetive tissues of the 
bone marrow and lymphatie organs. 

The formed elements are of three kinds—erythroeytes, leuko- 
eytes, and platelets. Erythroeytes 24 (eh-RITH-ro-sites), or red 
blood eells (RBCs), are the most abundant. In stained blood 
smears, they look like pink dises with thin, pale eenters and 
no nuclei. Erythroeytes transport oxygen and earbon dioxide. 
Leukocytes, or white blood eells (WBCs), serve various roles 
in defense against infeetion and other diseases. They travel from 
one organ to another in the bloodstream and lymph but spend 
most of their lives in the eonneetive tissues. Leukocytes are 
somewhat larger than erythroeytes and have conspicuous nuclei 
that usually appear violet in stained preparations. There are five 
kinds, distinguished partly by variations in nuclear shape: neutro- 
phils, eosinophils, basophils, lymphoeytes, and monoeytes. Their 
individual eharaeteristies are eonsidered in detail in ehapter 19. 
Platelets are small eell fragments seattered amid the blood eells. 
They are involved in elotting and other meehanisms for minimiz- 
ing blood loss, and they seerete growth faetors that promote blood 
vessel growth and maintenanee. 


TABLE 3.9 Blood 



Platelets Neutrophils Lymphoeyte Erythroeytes Monoeyte 




Mieroseopie appearanee: RBCs appear as pale pink dises with 
light eenters and no nuclei; WBCs are slightly larger, are much 
fewer, and have variously shaped nuclei, which usually stain violet; 
platelets are eell fragments with no nuclei, about one-quarter the 
diameter of erythroeytes 

Representative loeations: Contained in heart and blood vessels 
Functions: Transports gases, nutrients, wastes, ehemieal signals, 
and heat throughout body; provides defensive WBCs; eontains 
elotting agents to minimize bleeding; platelets seerete growth 
faetors that promote tissue maintenanee and repair 


23 osfeo = bone; genesis = formation 
24 erythro = red; eyfe = eell 


© Ed Resehke/Getty Images 
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Before You Go On 

- © 

Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

12. What features do most or all eonneetive tissues have in 

eommon to set this elass apart from nervous, muscular, and 
epithelial tissue? 

13. List the eell and fiber types found in fibrous eonneetive tis- 

sues and state their functional differenees. 

14. What substances account for the gelatinous eonsisteney of 

the ground substance of fibrous eonneetive tissue? 

15. What is areolar tissue? How ean it be distinguished from 

any other kind of eonneetive tissue? 

16. Discuss the differenee between dense regular and dense 

irregular eonneetive tissue as an example of the relation- 
ship between form and function. 

17. Deseribe some similarities, differenees, and functional rela- 
tionships between hyaline eartilage and bone. 

18. What are the three basie kinds of formed elements in 

blood, and what are their respeetive functions? 



Nervous and Muscular 
Tissue—Excitable Tissues 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. explain what distinguishes excitable tissues from 
other tissues; 

b. name the eell types that eompose nervous tissue; 

e. identify the major parts of a nerve eell; 

d. name the three kinds of muscular tissue and deseribe 
the differenees between them; and 

e. visually identify nervous and muscular tissues from 
speeimens or photographs. 


Excitability is a eharaeteristie of all living eells, but it is developed 
to its highest degree in nervous and muscular tissues, which are 
therefore deseribed as excitable tissues. The basis for their excita- 
tion is an eleetrieal eharge differenee (voltage) ealled the mem- 
brane potential, which occurs aeross the plasma membranes of 
all eells. Nervous and muscular tissues respond quickly to outside 
stimuli by means of ehanges in membrane potential. In nerve eells, 
these ehanges result in the rapid transmission of signals to other 
eells. In muscle eells, they result in eontraetion, or shortening of 
the eell. 


Nervous Tissue 

Nervous tissue is speeialized for communication by means of elee- 
trieal and ehemieal signals. It eonsists of neurons (NOOR-ons), or 


TABLE 3.10 Nervous Tissue 



Nuclei of glial eells Axon 


Neurosoma Dendrites 



Figure 3.24 A Neuron and Glial Cells of a Spinal Cord Smear 
(x400). APIR 


Mieroseopie appearanee: Most seetions show a few large 
neurons, usually with rounded or stellate eell bodies (neurosomas) 
and fibrous proeesses (axon and dendrites) extending from the 
neurosomas; neurons are surrounded by a greater number of much 
smaller glial eells, which laek dendrites and axons 
Representative loeations: Brain, spinal eord, nerves, ganglia 
Function: Internal communication 


nerve eells, and a much greater number of supportive neuroglia 
(noo-ROG-lee-uh), or glial (GLEE-ul) eells, which proteet and 
assist the neurons (table 3.10). Neurons deteet stimuli, respond 
quickly, and transmit information to other eells. Eaeh neuron has 
a prominent neurosoma, or eell body, that houses the nucleus and 
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most other organelles. This is the eell’s eenter of genetie eontrol 
and protein synthesis. Neurosomas are usually round, ovoid, or 
stellate in shape. Extending from the neurosoma, there are usu- 
ally multiple short, branehed proeesses ealled dendrites, 25 which 
reeeive signals from other eells and conduct messages to the neuro- 
soma, and a single, much longer axon (nerve fiber), which sends 
outgoing signals to other eells. Some axons are more than a meter 
long and extend from the brainstem to the foot. 

Glial eells constitute most of the vohime of the nervous tissue. 
They are usually much smaller than neurons. There are six types of 
glial eells, deseribed in ehapter 13, which provide a variety of sup- 
portive, proteetive, and “housekeeping” functions for the nervous 
system. Although they communicate with neurons and eaeh other, 
they do not transmit long-distanee signals. 

Nervous tissue is found in the brain, spinal eord, nerves, and 
ganglia (aggregations of neurosomas forming knotlike swellings 
in nerves). Loeal variations in the structure of nervous tissue are 
deseribed in ehapters 13 to 16. 


Muscular Tissue 

Muscular tissue is speeialized to eontraet when it is stimulated, 
and thus to exert a physieal foree on other tissues, organs, or fluids; 
for example, a skeletal muscle pulls on a bone, the heart eontraets 
and pumps blood, and the bladder eontraets and expels urine. Not 
only do movements of the body and its limbs depend on muscular 
tissue, but so do such proeesses as digestion, waste elimination, 
breathing, speeeh, and blood circulation. The muscles are also an 
important source of body heat. 

There are three types of muscular tissue— skeletal, eardiae, 
and smooth —which differ in appearanee, physiology, and func- 
tion (table 3.11). Skeletal muscle eonsists of long, threadlike eells 
ealled muscle fibers. Most of it is attaehed to bones, but there are 
exceptions in the tongue, upper esophagus, some faeial muscles, 
and some sphineter 26 (SFINK-tur) muscles (ringlike or cufflike 
muscles that open and elose body passages). Eaeh eell eontains 
multiple nuclei adjaeent to the plasma membrane. Skeletal muscle 
is deseribed as striated and volmtary. The first term refers to alter- 
nating light and dark bands, or striations (stry-AY-shuns), ereated 
by the overlapping pattern of eytoplasmie protein filaments that 
cause muscle eontraetion. The seeond term, voluntary, refers 
to the faet that we usually have conscious eontrol over skeletal 
muscles. 


Apply What You Know 

Although the nuclei of a muscle fiber are pressed against the 
inside of the plasma membrane, several of those in figure 3.25 
appear to be in the middle of the eell. What ean account for this 
appearanee? Think in terms of three-dimensional interpretation 
of two-dimensional histologieal images. 


2S dendr = tree; ite = little 
26 sphinc = squeeze, bind tightly 
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Cardiac muscle is limited to the heart. It, too, is striated, 
but it differs from skeletal imisele in its other features. Cardiac 
muscle is eonsidered involuntary because it is not usually under 
conscious eontrol; it eontraets even if all nerve eonneetions to 
it are severed. Its eells are much shorter, so they are eommonly 
ealled myoeytes 27 or eardioeytes rather than fibers. The myo- 
eytes are branehed or notehed at the ends. They eontain only one 
nucleus, which is loeated near the eenter and is often surrounded 
by a light-staining region of glyeogen, a starehlike energy source. 
Cardiac myoeytes are joined end to end by junctions ealled 
interealated 28 (in-TUR-ku-LAY-ted) dises, which appear as dark 
transverse lines separating eaeh myoeyte from the next. They 
may be only faintly visible, however, unless the tissue has been 
speeially stained for them. Gap junctions in the dises enable a 
wave of excitation to travel rapidly from eell to eell so that all the 
myoeytes of a heart ehamber are stimulated and eontraet almost 
simultaneously. 

Smooth muscle laeks striations and is involuntary. Smooth 
muscle eells, also ealled myoeytes, are tapered at the ends (fusi- 
form) and relatively short. They have a single eentrally plaeed 
nucleus. Small amounts of smooth muscle are found in the iris 
of the eye and in the skin, but most of it, ealled viseeral muscle, 
forms layers in the walls of the digestive, respiratory, and urinary 
traets; the uterus; blood vessels; and other organs. In loeations 
such as the esophagus and small intestine, smooth muscle forms 
adjaeent layers, with the eells of one layer eneireling the organ 
and the eells of the other layer mnning longitudinally. When the 
circular smooth muscle eontraets, it may propel eontents such 
as food through the organ. When the longitudinal layer eon- 
traets, it makes the organ shorter and thieker. By regulating the 
diameter of blood vessels, smooth muscle is very important in 
eontrolling blood pressure and flow. Both smooth and skeletal 
muscle form sphineters that eontrol the emptying of the bladder 
and rectum. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

19. What do nervoiis and muscular tissue have in eommon? 

What is the primary function of eaeh? 

20. What are the two basie types of eells in nervous tissue, and 

how ean they be distinguished from eaeh other? 

21. Name the three kinds of muscular tissue, deseribe how 

to distinguish them from eaeh other in mieroseopie 
appearanee, and state a loeation and function for 
eaeh one. 


27 myo = muscle; eyfe = eell 
28 inter = between; eoioted = inserted 
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TABLE 3.11 


Muscular Tissue 


Skeletal Muscle 


Cardiac Muscle 


Smooth Muscle 
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Figure 3.2 Skeletal Muscle (x400). 

APiR 

Mieroseopie appearanee: Long, threadlike, 
unbranched eells (fibers), relatively parallel 
in longitudinal tissue seetions; striations; 
multiple nuclei per eell, near plasma 
membrane 

Representative loeations: Skeletal 
muscles, mostly attaehed to bones but also 
including voluntary sphineters of the eyelids, 
urethra, and anus; diaphragm; tongue; some 
muscles of esophagus 
Functions: Body movements, faeial 
expression, posture, breathing, speeeh, 
swallowing, eontrol of urination and 
defeeation, and ehildbirth; under voluntary 
eontrol 


Figure 3.26 eardiae Muscle (x400). 



Mieroseopie appearanee: Short branehed 
eells (myoeytes); less parallel appearanee 
than other muscle types in tissue seetions; 
striations; interealated dises; one nucleus per 
eell, eentrally loeated and often surrounded by 
a light zone 

Representative loeation: Heart 
Functions: Pumping of blood; under 
involuntary eontrol 


Figure 3.27 Smooth Muscle in the 

Intestinal Wall (x1,000). ap! Ft 

Mieroseopie appearanee: Short fusiform 
eells overlapping eaeh other; nonstriated; 
one nucleus per eell, eentrally loeated 
Representative loeations: Usually found as 
sheets of tissue in walls of viseera and blood 
vessels; also in iris and assoeiated with hair 
follieles; involuntary sphineters of urethra 
and anus 

Functions: Swallowing; eontraetions of 
stomaeh and intestines; expulsion of feees 
and urine; labor eontraetions; eontrol 
of blood pressure and flow; eontrol of 
respiratory airflow; eontrol of pupillary 
diameter; ereetion of hairs; under involuntary 
eontrol 


© McGraw-Hill Education/Dennis Strete, photographer 
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CHAPTER THREE 


Histology—The Study of Tissues 



Glands and 
Membranes 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe or define different types of glands; 

b. deseribe the typieal anatomy of a gland; 

e. name and eompare different modes of glandular 
seeretion; 

d. deseribe the way tissues are organized to form the 
body’s membranes; and 

e. name and deseribe the major types of membranes in 
the body. 


We have surveyed all of the fundamental eategories of human tis- 
sue, and we will now look at the way in which multiple tissue types 
are assembled to form the body’s glands and membranes. 


Glands 

A gland is a eell or organ that seeretes substances for use else- 
where in the body or for elimination as waste. The gland product 
may be something synthesized by the gland eells (such as digestive 


enzymes) or something removed from the tissues and modified by 
the gland (such as urine and sweat). Its product is ealled a seeretion 
if it is useful to the body (such as a digestive enzyme or hormone) 
and an excretion if it is a waste product (such as urine). Glands are 
eomposed predominantly of epithelial tissue, but usually have a 
supporting eonneetive tissue framework and capsule. 

Endoerine and Exocrine Glands 

Glands are broadly elassified as endoerine or exocrine. Both types 
originate as invaginations of a surface epithelium (fig. 3.28). Multi- 
cellular exocrine 29 (EC-so-crin) glands maintain their eontaet with 
the surface by way of a duct, an epithelial tube that eonveys their 
seeretion to the surface. The seeretion may be released to the body 
surface, as in the ease of sweat, mammary, and tear glands, but more 
often it is released into the lumen (eavity) of another organ such as 
the mouth or intestine. Endoerine 30 (EN-do-erin) glands lose their 
eontaet with the surface and have no ducts. They do, however, have 
a high density of blood eapillaries and seerete their products direetly 
into the blood (fig. 3.29a). The seeretions of endoerine glands, ealled 
hormones, function as ehemieal messengers to stimulate eells else- 
where in the body. Endoerine glands are the subject of ehapter 18. 

The exocrine-endocrine distinetion is not always elear. The liver 
is mainly an exocrine gland that seeretes one of its products, bile, 


29 exo = out; erin = to separate, seerete 
30 endo = in, into; erin = to separate, seerete 


Epithelial eells 




(a) Exocrine gland 


Connective 

tissue 


Blood 


eapillary 





(b) Endoerine gland 



Figure 3.28 Development of Exocrine and Endoerine Glands. (a) An exocrine gland begins with epithelial eells proliferating into the eonneetive 
tissue below. Apoptosis of the eells in the eore hollows out a duct. The gland remains eonneeted to the surface for life by way of this duct and 
releases its seeretions onto the epithelial surface. (b) An endoerine gland begins similarly, but the eells eonneeting it to the surface degenerate 
while the seeretory tissue beeomes infiltrated with blood eapillaries. The seeretory eells will seerete their products (hormones) into the blood. 
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through a system of ducts, but seeretes hormones, albumin, and 
other products direetly into the bloodstream. Several glands, such 
as the panereas, testis, ovary, and kidney, have both exocrine and 
endoerine eomponents. Nearly all of the viseera have at least some 
eells that seerete hormones, even though most of these organs are 
not usually thought of as glands (for example, the brain and heart). 

Unicellular glands are seeretory eells found in an epithelium 
that is predominantly nonseeretory. They ean be endoerine or exo- 
erine. For example, the respiratory traet, which is lined mainly by 
eiliated eells, also has a liberal seattering of noneiliated, mucus- 
seereting goblet eells, which are exocrine (see fig. 3.7). The 
digestive traet has many seattered endoerine eells, which seerete 
hormones that eoordinate digestive proeesses. 

Exocrine Gland Structure 

Figure 3.29b and e show a generalized multicellular exocrine 
gland—a structural arrangement found in such organs as the mam- 
mary gland, panereas, and salivary glands. Most glands are enelosed 
in a fibrous capsule. The capsule often gives off extensions ealled 
septa 31 (singular, septum ), or trabeculae 32 (trah-BEC-you-lee), 
that divide the interior of the gland into eompartments ealled lobes, 
which are visible to the naked eye. Finer eonneetive tissue septa may 
further subdivide eaeh lobe into mieroseopie lobules (LOB-yools). 
Blood vessels, nerves, and the gland’s ducts generally travel through 
these septa. The eonneetive tissue framework of the gland, ealled its 
stroma, supports and organizes the glandular tissue. The eells that 
perform the tasks of synthesis and seeretion are eolleetively ealled 
the parenehyma 33 (pa-REN-kih-muh). This is typieally simple 
cuboidal or simple columnar epithelium. 

Exocrine glands are elassified as simple if they have a single 
unbranched duct and compound if they have a branehed duct 
(fig. 3.30). If the duct and seeretory portion are of uniform diame- 
ter, the gland is ealled tubular. If the seeretory eells form a dilated 
sae, the gland is ealled aeinar and the sae is an acinus 34 (ASS- 
ih-nus), or alveolus 35 (AL-vee-OH-lus). A gland in which both the 
aeini and tubules seerete a product is ealled a tubuloacinar gland. 

Types of Exocrine Seeretions 

Exocrine glands are elassified not only by their structure but also by 
the nature of their seeretions. Serous (SEER-us) glands produce rela- 
tively thin, watery fluids such as perspiration, milk, tears, and digestive 
juices. Mucous glands, found in the tongue and roof of the mouth 
among other plaees, seerete a glyeoprotein ealled mnein (MEW-sin). 
After it is seereted, mucin absorbs water and forms the stieky prod- 
uct mucus. (Note that mucus, the seeretion, is spelled differently from 
mucous, the adjeetive form of the word.) Mixed glands, such as the 
two pairs of sahvary glands in the floor of the mouth, eontain both 
serous and mucous eells and produce a mixture of the two types of 
seeretions. Cytogenic 36 glands release whole eells. The only examples 
of these are the testes and ovaries, which produce sperm and egg eells. 


3 ^septum = wall 

32 trob = plate; culo = little 

33 por = beside; enehym = pour in 

34 ocinus = berry 

35 olveol = eavity, pit 

36 cyto = eell; genie = producing 


Arterial blood supply 


Blood eapillaries 
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Figure 3.29 General Structure of Endoerine and Exocrine Glands. 

(a) Endoerine glands have no ducts but have a high density of blood 
eapillaries and seerete their products (hormones) direetly into the blood- 
stream. (b) Exocrine glands usually have a system of ducts, which often 
followthe eonneetive tissue septa, until their finest divisions end in saccular 
aeini of seeretory eells. (e) Detail of an acinus and the beginning of a duct. 

• Whot membrone tronsport proeess (revievv pp. 33-36) ore the eells 
ofthis ocinus eorrying out? 


Methods of Exocrine Seeretion 

Exocrine glands are elassified into meroerine, apoerine, and 
holoerine types aeeording to how they release their seeretions. 
Meroerine 37 (MERR-oh-erin) glands, also ealled eeerine 38 (EC-rin) 
glands, release their products by means of exocytosis (fig. 3.3 la). 


37 mero = part; erin = to separate, seerete 
38 ec = ex = out; erin = to separate, seerete 
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Simple eoiled tubular 
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Example: Panereas 


Example: Mammary gland 


Figure 3.30 Some Types of Exocrine Glands. Glands are elassified aeeording to the branehing of their ducts and the appearanee and extent of 
the seeretory portions. 
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(a) Meroerine 


(b) Apoerine 


(e) Holoerine 


Figure 3.31 The Three Modes of Exocrine Seeretion. (a) Meroerine seeretion in a eell of the mammary gland, seereting milk sugar (laetose) and 
proteins (easein, lactalbumin) by exocytosis. (b) Apoerine seeretion of fat by a eell of the mammary gland. Fat droplets eoalesee in the eytosol, then 
bud from the eell surface with a thin eoating of eytoplasm and plasma membrane. (e) Holoerine seeretion by a sebaceous (oil) gland of the sealp. In 
this method, entire gland eells break down and beeome the seeretion (sebum). 

• Which ofthese three glonds would require the highest rote ofmitosis? Why? 
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These include the tear glands, salivary glands, and most others. 
Mammary glands seerete the sugar and protein of milk by this 
method, but seerete the milk fat by another method ealled apoerine 39 
seeretion (fig. 3.3 lb). Lipids eoalesee from the eytosol into a single 
droplet that buds from the eell surface, eovered by a layer of plasma 
membrane and a very thin film of eell eytoplasm. Sweat glands of 
the axillary (armpit) region were onee thought to use the apoerine 
method as well. Closer study showed this to be untrue; they are 
meroerine, but they are nevertheless different from other meroerine 
glands in function and histologieal appearanee and are still referred 
to as apoerine sweat glands. 

In holoerine 40 glands (fig. 3.3le), eells accumulate a product 
and then the entire eell disintegrates, producing a particularly 
thiek, oily seeretion eomposed of eell fragments and the substance 
the eell had synthesized prior to its disintegration. Only a few 
glands use this mode of seeretion, such as the oil-producing glands 
of the sealp and eertain glands of the eyelid. 


39 opo = from, off, away; erin = to separate, seerete 
40 holo = whole, entire; erin = to separate, seerete 


Membranes 

Chapter 1 deseribes the major body eavities and the membranes that 
line them and eover their viseera. We now eonsider some histologi- 
eal aspeets of these membranes. Membranes may be eomposed of 
epithelmm only, eonneetive tissue only, or both. 

The largest membrane of the body is the cutaneous (cue-TAY- 
nee-us) membrane —or more simply, the skin (detailed in ehapter 5). 
It eonsists of a stratified squamous epithelium (epidermis) resting on 
a layer of eonneetive tissue (dermis). 

The two prineipal kinds of internal membranes are mucous and 
serous membranes. A mucous membrane (mucosa) (mew-CO-sa) 
lines passageways that open to the exterior: the digestive, respiratory, 
urinary, and reproductive traets (fig. 3.32a). A mucosa eonsists of 
two to three layers: (1) an epithelium; (2) an areolar eonneetive tis- 
sue layer ealled the lamina propria 41 (LAM-ih-nuh PRO-pree-uh); 
and sometimes (3) a layer of smooth muscle ealled the muscularis 
mucosae (MUSK-you-LAIR-iss mew-CO-see). Mucous mem- 
branes have absorptive, seeretory, and proteetive functions. They 
are often eovered with mucus seereted by goblet eells, multicellular 


41 /om/'no = layer; proprio = of one’s own 
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Figure 3.32 Mucous and Serous Membranes. (a) Histology of a mucous membrane such as the inner lining of the traehea. (b) Histology of a 
serous membrane such as the outer surface of the small intestine. 

• Identify onother speeifie ploee in the body vvhere you could find o membrone ofeoeh type. 
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mucous glands, or both. The mucus traps baeteria and foreign par- 
tieles, which keeps them from invading the tissues and aids in their 
removal from the body. The epithelium of a mucous membrane may 
also include absorptive, eiliated, and other types of eells. 

A serous membrane (serosa) is eomposed of a simple squa- 
mous epithelium resting on a thin layer of areolar eonneetive tissue 
(fig. 3.32b). In the linings of the pleural, perieardial, and peritoneal 
eavities, the epithelial eomponent is ealled mesothelium. Serous 
membranes produce watery serous (SEER-us) fluid, which arises 
from the blood and derives its name from the faet that it is similar to 
blood semm in eomposition. Serous membranes hne the insides of 
some body eavities and form a smooth surface on the outer surfaces of 
some of the viseera, such as the digestive traet. The pleurae, periear- 
dium, and peritoneum, deseribed in ehapter 1, are serous membranes. 

The circulatory system is lined with a simple squamous epithe- 
lium ealled endothelium. The endothelium rests on a thin layer of 
areolar tissue, which often rests in turn on an elastie sheet. Collec- 
tively, these tissues make up a membrane ealled the tunica interna 
of the blood vessels and endoeardmm of the heart. 

Some joints of the skeletal system are enelosed by fibrous 
synovial (sih-NO-vee-ul) membranes, made only of eonneetive 
tissue. These membranes span the gap from one bone to the next 
and seerete slippery synovial fluid into the joint. 

Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

22. Distinguish betvveen a simple gland and a compound gland, 

and give an example of eaeh. Distinguish betvveen a tubular 
gland and an aeinar gland, and give an example of eaeh. 

23. Contrast the meroerine, apoerine, and holoerine methods of 

seeretion, and name a gland product produced by eaeh method. 

24. Deseribe the differenees betvveen a mucous and a serous 

membrane. 

25. Name the layers of a mucous membrane, and state vvhieh 

ofthefour primary tissue elasses eomposes eaeh layer. 



Tissiie Growth, 
Development, Repair, 
and Death 


Expected Learnìng Outcomes 



When you have eompleted this seetion, you should be able to 

a. name and deseribe the modes of tissue grovvth; 

b. name and deseribe the vvays that a tissue ean ehange 
from one type to another; 

e. name and deseribe the vvays the body repairs 
damaged tissues; and 

d. name and deseribe the modes and causes of tissue 
shrinkage and death. 


Tissue Growth 

Tissues grow because their eells inerease in number or size. Most 
embryonie and ehildhood growth occurs by hyperplasia 42 
(HY-pur-PLAY-zhyuh), tissue growth through eell multiplica- 
tion. Skeletal muscle and adipose tissue grow, however, through 
hypertrophy 43 (hy-PUR-truh-fee), the enlargement of preexisting 
eells. Even a very muscular or obese adult has essentially the same 
number of muscle fibers or adipoeytes as he or she had in late 
ehildhood, but the eells may be substantially larger. Neoplasia 44 
(NEE-oh-PLAY-zhyuh) is the development of a tumor (neo- 
plasm)—whether benign or malignant—eomposed of abnormal, 
nonfunctional tissue. 


Changes in Tissue Type 

You have studied the form and function of more than two dozen 
types of human tissue in this ehapter. You should not leave this 
subject, however, with the impression that onee these tissue types 
are established, they never ehange. Tissues are, in faet, eapable 
of ehanging from one type to another within eertain limits. Most 
obviously, unspecialized tissues of the embryo develop into 
more diverse and speeialized types of mature tissue—embryonie 
mesenehyme to muscle, for example. This development of a more 
speeialized form and function is ealled differentiation. 

Epithelia sometimes exhibit metaplasia, 45 a ehange from one 
type of mature tissue to another. For example, the vagina of a 
young girl is lined with a simple cuboidal epithelium. At puberty, 
it ehanges to a stratified squamous epithelium, better adapted to the 
future demands of intercourse and ehildbirth. In the limb bones, 
most of the red bone marrow of ehildren ehanges to adipose tissue 
by adulthood. The nasal eavity is lined with eiliated pseudostrati- 
fied columnar epithelium. However, if we bloek one nostril and 
breathe through the other one for several days, the epithelium in 
the unblocked passage ehanges to stratified squamous. In smokers, 
the eiliated pseudostratified columnar epithelium of the bronehi 
may transform into a stratified squamous epithelium. 


Apply What You Know 

What functions of a eiliated pseudostratified columnar 
epithelium could not be served by a stratified squamous 
epithelium? In light of this, vvhat might be some consequences 
of bronehial metaplasia in heavy smokers? 


Tissue Repair 

Damaged tissues ean be repaired in two ways: regeneration or 
fibrosis. Regeneration is the replaeement of dead or damaged eells 
by the same type of eells as before. Regeneration restores normal 
function to the organ. Most skin injuries (cuts, serapes, and minor 


42 hyper = excessive; plas = grovvth 
43 hyper = excessive; trophy = nourishment 
44 neo = nevv; plas = form, grovvth 
45 meta = ehange; plas = form, grovvth 
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burns) heal by regeneration. The liver also regenerates remarkably 
well. Fibrosis is the replaeement of damaged tissue with sear tis- 
sue, eomposed mainly of eollagen produced by fibroblasts. Sear 
tissue helps to hold an organ together, but it does not restore nor- 
mal function. Examples include the healing of severe cuts and 
burns, the healing of muscle injuries, and searring of the lungs in 
tuberculosis. 


Tissue Shrinkage and Death 


Atrophy 46 (AT-ruh-fee) is the shrinkage of a tissue through a loss in 
eell size or number. It results from both normal aging (senile atro- 
phy) and laek of use of an organ (disuse atrophy). Muscles that are 
not exercised exhibit disuse atrophy as their eells beeome smaller. 
This was a serious problem for the first astronauts who partieipated 
in prolonged mierogravity spaee flights. Upon return to normal 
gravity, they were sometimes too weak from muscular atrophy to 
walk. Spaee stations and shuttles now include exercise equipment to 
maintain the crew’s muscular eondition. Disuse atrophy also occurs 
when a limb is immobilized in a east or by paralysis. 

Neerosis 47 (neh-CRO-sis) is the premature, pathologieal 
death of tissue due to trauma, toxins, infeetion, and so forth. 
infaretion is the sudden death of tissue, such as eardiae muscle 
(myoeardial infaretion) or brain tissue (eerebral infaretion), that 
occurs when its blood supply is cut off. Gangrene is any tis- 
sue neerosis resulting from an insufficient blood supply, often 
due to arterial bloekage. Dry gangrene, eommonly seen in the 
feet of diabeties, is eharaeterized by dry, shmnken, dark brown 
or blaek skin. Decubitus ulcers (bed sores or pressure sores) 
are a form of dry gangrene that occurs when immobilized per- 
sons, such as those eonfined to a hospital bed or wheelchair, are 
unable to move, and continual pressure on the skin cuts off blood 
flow to an area. Pressure sores occur espeeially where a bone 
eomes elose to the body surface, such as the hips, saeral region, 
and ankles. Here, the thin layer of skin and eonneetive tissue is 
espeeially subject to eompression between the bone and a bed or 
wheelchair. Wet gangrene typieally occurs in internal organs and 
involves neutrophil invasion, liquefaction of the tissue, pus, and a 
foul odor. It ean result from appendieitis or an obstmeted eolon, 
for example. Gas gangrene is neerosis of a wound resulting from 
infeetion with eertain baeteria of the genus Clostridium, usually 
introduced when a wound is eontaminated with soil. The disorder 
is named for bubbles of gas (mainly hydrogen) that accumulate 
in the tissue. This is a deadly eondition that requires immediate 
intervention, often including amputation. 

Cells dying by neerosis usually swell, exhibit blebbing (bub- 
bling) of their plasma membranes, and then rupture. The eell eon- 
tents released into the tissues trigger an inflammatory response in 
which maerophages phagoeytize the cellular debris. 

Apoptosis 48 (AP-op-TOE-sis), or programmed eell death, is 
the normal death of eells that have eompleted their function and 
best serve the body by dying and getting out of the way. Cells 


46 o = without; trophy = nourishment 
47 necr = death; os/'s = proeess 
48 opo = away; ptosis = falling 




EPER INSIGHT 



Tissue Engineering 

Tissue repair is not only a natural proeess but also a lively area 
of researeh in bioteehnology. Tissue engineering is the artifieial 
production of tissues and organs in the laboratory for implan- 
tation in the human body. The proeess eommonly begins with 
a synthetie seaffold of eollagen or polyester, sometimes in the 
shape of a desired organ such as a blood vessel or ear. The seaf- 
fold is then seeded with human eells and allowed to grow until it 
reaehes a point suitable for implantation. Tissue-engineered skin 
grafts have been on the marketfor several years. Seientists have 
also grown liver, bone, tendon, breast, and other tissues in the 
laboratory. Researehers have grown “human” ears by seeding 
polymer seaffolds with human eartilage eells and growing them 
on the baeks of imrrmnodefieient miee unable to rejeetthe human 
tissue (fig. 3.33). It is hoped that ears and noses grown in this way 
may be used for the eosmetie treatment of ehildren with birth 
defeets or people who have suffered injuries from aeeidents or 
animal bites. In reeent years, tissue engineering has been used 
to construct a new bronchus and new urinary bladders in sev- 
eral patients, seeding a nonliving protein seaffold with eells taken 
from elsewhere in the patients’ bodies. 



Figure 3.33 Tissue Engineering. Seientists have grown an 

external ear from human tissue on the baek of an immunodeficient 
mouse. The ear ean be removed without killing the mouse and used 
for implantation into a human patient. In the future, such artifieial 
organs might be used to improve the appearanee of patients with 
faeial deformities or injuries. 


undergoing apoptosis shrink and are quickly phagoeytized by mae- 
rophages and other eells. The eell eontents never eseape, so there 
is no inflammatory response. Although billions of eells die every 
hour by apoptosis, they are engulfed so quickly that they are almost 
never seen except within maerophages. 
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One example of apoptosis is that in embryonie development, 
we produce about twice as many neurons as we need. Those 
that make eonneetions with target eells survive, while the excess 
50% die. Apoptosis also dissolves the webbing between the fin- 
gers and toes during embryonie development, it frees the earlobe 
from the side of the head in people with detaehed (pendulous) ear- 
lobes, and it causes shrinkage of the uterus after pregnaney ends. 
Immune eells ean stimulate eaneer eells to “eommit suicide” by 
apoptosis (see photo on p. 53). 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

26. Tissiies ean grovv through an inerease in eell size or eell 

number. What are the respeetive terms for these tvvo kinds 
of g rovvth? 

27. Distinguish betvveen differentiation and metaplasia. Give an 

example of a developmental proeess involving eaeh ofthese. 

28. Distinguish betvveen regeneration and fibrosis. Which pro- 

eess restores normal cellular function? What good is the 
other proeess if it does not restore function? 

29. Distinguish betvveen atrophy, neerosis, and apoptosis, and 

deseribe a circumstance under vvhieh eaeh of these forms 
of tissue loss may occur. 



Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

3.1 The Study of Tissues (p. 54) 

1. The seope of histology and how it relates 
to eytology and gross anatomy 

2. The definition of tissne 

3. The four primary tissue types, the ways 
in which they differ from eaeh other, and 
some plaees where eaeh type ean be found 

4. The definitions of matrix and ground sub- 
stanee and their plaee in tissue structure 

5. The preparation of tissues as stained histo- 
logieal seetions 

6. The eommon planes of seetion in histology 
and their relevanee to three-dimensional 
interpretation of two-dimensional histologi- 
eal images 

7. Methods of histologieal tissue prepara- 
tion other than seetioning, and the kinds 
of tissue for which these other methods are 
eommonly applied 

3.2 Epithelial Tissue (p. 56) 

1. The defining eharaeteristies of epithelial 
tissue as a elass, and general loeations in 
which epithelia are found 

2. The loeation, eomposition, and functions 
of a basement membrane 

3. The defining eharaeteristies of the two 
major elasses of epithelmm and of the four 
types in eaeh elass 


4. The appearanee and function of goblet 
eells 

5. The appearanee, representative loeations, 
and functions of the four types of simple 
epithelmm: simple squamous, simple 
cuboidal, simple columnar, and pseu- 
dostratified columnar 

6. The appearanee, representative loeations, 
and functions of the four types of stratified 
epithelium: stratified squamous, stratified 
cuboidal, stratified eolmnnar, and transitional 

7. Differenees in structure, loeation, and 
function between the nonkeratinized and 
keratinized forms of stratified squamous 
epithelium; and the functions of keratin 

8. The proeess of exfoliation and a elinieal 
applieation of exfoliate eytology 

3.3 Connective Tissue (p. 63) 

1. The defining eharaeteristies of eonneetive 
tissue as a elass, and general loeations in 
which eonneetive tissues are found 

2. The diverse functions of eonneetive tissues 
and the types of eonneetive tissue that per- 
form such roles 

3. The types of eonneetive tissue elassified 
as fibrous eonneetive tissues; the types of 
eells that are eommon in fibrous eonnee- 
tive tissue, and their functions; and the 
three types of protein fibers eommon in 
fibrous eonneetive tissue and their func- 
tional differenees 

4. The meaning of ground substance and its 
ehemieal makeup in eonneetive tissue 


5. The distinetion between loose and dense 
fibrous eonneetive tissue 

6. The appearanee, representative loeations, 
and functions of two types of loose fibrous 
eonneetive tissue: areolar and reticular 
tissue 

7. The appearanee, representative loeations, 
and functions of two types of dense fibrous 
eonneetive tissue: dense regular and dense 
irregular eonneetive tissue 

8. The defining eharaeteristies, mieroseopie 
appearanee, representative loeations, and 
functions of adipose tissue, and the distine- 
tions between white fat and brown fat 

9. The defining eharaeteristies of eartilage as 
a elass, and the eomposition and organiza- 
tion of its eells and matrix 

10. The relationship of the perichondrium to 
eartilage, and plaees where the periehon- 
drium is absent 

11. The appearanee, representative loeations, 
and functions of the three types of earti- 
lage: hyaline eartilage, elastie eartilage, 
and fibroeartilage 

12. The defining eharaeteristies of bone as a 
elass, and the eomposition and organiza- 
tion of its eells and matrix 

13. The relationship of the periosteum to bone 

14. The spongy and eompaet types of bone and 
how they differ in appearanee and loeation 

15. The mieroseopie appearanee, loeation, and 
functions of eompaet bone 

16. Why blood is eonsidered a eonneetive 
tissue 
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17. The two prineipal constituents of blood, 
and its three types of formed elements and 
how they ean be mieroseopieally distin- 
guished from eaeh other 

18. The hmetions of blood 

3.4 Nervous and Muscular Tissue— 
Excitable Tissues (p. 72) 

1. The meaning of eell excitability , and why 
nervous and muscular tissue are ealled 
excitable tissues in view of the faet that all 
living eells are excitable 

2. The general function of nervous tissue, its 
two basie eell types, and the functional dis- 
tinetion between the two eell types 

3. The parts of a neuron and the function of 
eaeh part 

4. The mieroseopie appearanee and loeations 
of nervous tissue 

5. The defining eharaeteristies of muscular 
tissue as a elass, and the diverse functions 
of muscular tissue 

6. The differenee between striated and non- 
striated muscle, and between voluntary 
and involuntary muscle 

7. The meanings of sphineter, eardioeyte, 
myoeyte, interealated dise, and viseeral 
miisele 


8. The mieroseopie appearanee, representa- 
tive loeations, and functions of skeletal, 
eardiae, and smooth muscle 

3.5 Glands and Membranes (p. 75) 

1. The definition and general eomposition of 
a gland 

2. The distinetion between exocrine and endo- 
erine glands and why it is not always easy to 
make a elear distinetion between them 

3. Examples and loeations of unicellular glands 

4. The generalized structure of a multicel- 
lular exocrine gland, including structural 
and hmetional interpretations of its lobes 
and lobules, capsule and septa, stroma and 
parenehyma 

5. The system of elassifying exocrine glands 
aeeording to whether their ducts are 
branehed or unbranched and whether or 
not their seeretory eells are aggregated into 
dilated saes at the ends of the ducts 

6. The distinetions between serous, mucous, 
mixed, and eytogenie glands, and exam- 
ples of eaeh 

7. The distinetions between meroerine, apo- 
erine, and holoerine glands, and examples 
of eaeh; the basis for referring to some 
glands as apoerine 


8. The distinetions between cutaneous, 
mucous, and serous membranes, and loea- 
tions and functions of eaeh 

9. The tissue layers of a mucous membrane 
and of a serous membrane 

10. The nature and loeations of endothelimn, 
mesothelium, and synovial membranes 

3.6 Tissue Growth, Development, Repair, 
and Death (p. 79) 

1. Three types of tissue growth—hyperplasia, 
hypertrophy, and neoplasia—including 
examples of eaeh, how they differ from 
eaeh other, and whether eaeh is normal or 
pathologieal 

2. The differenee between differentiation and 
metaplasia, and examples of eaeh 

3. Two ways in which the body repairs dam- 
aged tissues, and how they differ 

4. The meaning of tissue atrophy, its causes, 
and examples 

5. Some forms of tissue neerosis, and examples 

6. The proeess of apoptosis, how it differs 
from neerosis, and examples of situations 
in which apoptosis occurs 


Testing Your Reeall 


1. Transitional epithelium is found in 

a. the urinary system. 

b. the respiratory system. 
e. the digestive system. 

d. the reproductive system. 

e. all of the above. 

2. The external surface of the stomaeh is 
eovered by 

a. a mucosa. 

b. a serosa. 

e. the parietal peritoneum. 

d. a lamina propria. 

e. a basement membrane. 

3. The interior of the respiratory traet is lined 
with 

a. a serosa. d. endothelium. 

b. mesothelium. e. peritoneum. 

e. a mucosa. 

4. A seminiferous tubule of the testis is lined 

with_epithelium. 

a. simple cuboidal 

b. pseudostratified columnar eiliated 
e. stratified squamous 

d. transitional 

e. stratified cuboidal 


5. When the blood supply to a tissue is cut 
off, the tissue is most likely to undergo 

a. metaplasia. d. neerosis. 

b. hyperplasia. e. hypertrophy. 

e. apoptosis. 

6. A fixative serves to 

a. stop tissue deeay. 

b. improve eontrast. 

e. repair a damaged tissue. 

d. bind epithelial eells together. 

e. bind eardiae myoeytes together. 

7. The eollagen of areolar tissue is produced 
by 

a. maerophages. 

b. fibroblasts. 
e. mast eells. 

d. leukocytes. 

e. ehondroeytes. 

8. Tendons are eomposed of_eonnee- 

tive tissue. 

a. skeletal 

b. areolar 

e. dense irregular 

d. yellow elastie 

e. dense regular 


9. The shape of the external ear is due to 

a. skeletal muscle. 

b. elastie eartilage. 
e. fibroeartilage. 

d. articular eartilage. 

e. hyaline eartilage. 

10. The most abundant formed element(s) of 
blood is/are 

a. plasma. d. leukocytes. 

b. erythroeytes. e. proteins. 

e. platelets. 

11. The prearranged death of a eell that has 

eompleted its task is ealled_. 

12. The simple squamous epithelium that lines 

the peritoneal eavity is ealled_. 

13. Osteoeytes and ehondroeytes occupy little 

eavities ealled_. 

14. Muscle eells and axons are often ealled 
_because of their shape. 

15. Tendons and ligaments are made mainly of 

the protein_. 

16. _is a type of tissue neerosis assoei- 

ated with poor circulation, often eombined 
with infeetion. 
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17. An epithelium rests on a layer ealled the 

_between its deepest eells and the 

underlying eonneetive tissue. 

18. Fibers and ground substance make up the 

of a eonneetive tissue. 


19. In_glands, the seeretion is formed 

by the eomplete disintegration of the gland 
eells. 


20. Any epithelium in which every eell touches 

the basement membrane is ealled a_ 

epithelium. 

Answers in appendix A 


Biiilding Your Medieal Vocabulary 


State a medieal meaning ofeaeh of the following 
word elements, and give a term in which it is used. 

1. histo- 

2. inter- 

3. lam- 


4. -blast 

5. reticul- 

6. ehondro- 

7. peri- 

8. thel- 


9. exo- 
10. neero- 


Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. If we assume that the aorta is eylindrieal, 
an oblique seetion of it would have an oval 
shape. 

2. Everything in a tissue that is not a eell is 
elassified as ground substance. 

3. The eolors seen in prepared histology slides 
are not the natural eolors of those tissues. 


Testing Your Comprehension 

1. A woman in labor is often told to push. In 
doing so, is she consciously eontraeting 
her uterus to expel the baby? Justify your 
answer based on the muscular eomposition 
of the uterus. 

2. The Deeper Insights in this ehapter 
deseribe some hereditary defeets in eol- 
lagen and elastin. Prediet some pathologi- 
eal consequences that might result from a 
hereditary defeet in keratin. 

3. When eartilage is eompressed, water is 
squeezed out of it, and when pressure is 
taken off, water flows baek into the matrix. 


4. The parenehyma of the liver is a simple 
cuboidal epithelium. 

5. The tongue is eovered with keratinized 
stratified squamous epithelium. 

6. Maerophages are large phagoeytie eells 
that develop from lymphoeytes. 

7. Most of the body’s protein is eollagen. 

8. Brown fat produces more ATP than white 
fat. 


This being the ease, why do you think ear- 
tilage at weight-bearing joints such as the 
knees ean degenerate from laek of exercise? 

4. The epithelium of the respiratory traet is 
mostly of the pseudostratified eiliated type, 
but in the alveoli—the tiny air saes where 
oxygen and earbon dioxide are exchanged 
between the blood and inhaled air—the 
epithelium is simple squamous. Explain the 
ftmetional signifieanee of this histologieal 
differenee. That is, why don’t the alveoli 
have the same kind of epithelmm as the rest 
of the respiratory traet? 


9. After tissue differentiation is eomplete, a 
tissue eannot ehange type. 

10. Erythroeytes have no nuclei. 

Answers in appendix A 


5. Some human eells are ineapable of mito- 
sis (amitotie), inehiding skeletal muscle 
fibers, neurons, and adipoeytes. Consider- 
ing the meehanies of mitosis (p. 49) and 
the structure of these eell types, explain 
why mitosis would be difficult or impos- 
sible for them even if they had all the nee- 
essary organelles to earry it out. 












A 56-day fetus enelosed in the amniotie sae. 


© Claude Edelmann/Seienee Source 
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P erhaps the most dramatie, seemingly miraculous aspeet of 

human life is the transformation of a one-eelled fertilized 
egg into an independent, fully developed individual. From 
the beginning of reeorded thought, people have pondered how a 
baby forms in the mother’s body and how two parents ean produce 
another human being who, although unique, possesses eharaeter- 
isties of eaeh. Aristotle, in his questto understand prenatal devel- 
opment, disseeted bird embryos and established the sequence in 
which their organs develop. He also speculated thatthe hereditary 
traits of a ehild resulted from the mixing of the male’s semen 
with the female’s menstrual blood. Such miseoneeptions about 
human development persisted for many centuries. Seientists of 
the seventeenth century thought that all the features of the infant 
existed in a preformed state in the egg or the sperm and that they 
simply unfolded and expanded as the embryo developed. Some 
thought that the head of the sperm had a miniature human curled 
up in it, while others thought the miniature person existed in the 
egg, and the sperm were merely parasites in the semen. Modern 
developmental biology was not born until the nineteenth century, 
largely because darwinism at last gave biologists a systematie 
framework for asking the right questions and diseovering unifying 
themes in the development of diverse speeies of animals, includ- 
ing humans. It was in that era, too, that the human egg was first 
observed. Reeent deeades have brought dramatie leaps in under- 
standing as genetieists have diseovered how genes direet the 
intrieate patterns and proeesses of human development. 

This ehapter deseribes only a few of the earliest and most 
general developments of the human embryo and fetus. Later 
ehapters in the book deseribe some major features in the 
speeialized development of eaeh organ system. Knowledge of 
eaeh system’s prenatal development provides a deeper under- 
standing of its mature anatomy. 



Gametogenesis 
and Fertilization 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the major features of sperm and egg 
production; 

b. explain how sperm migrate to the egg and acquire the 
eapaeity to fertilize it; and 

e. deseribe the fertilization proeess and how an egg 
prevents fertilization by more than one sperm. 


Embryology, the study of prenatal development, embraees proeesses 
extending from the production of sperm and eggs (gametogenesis 1 ) 
to fertilization, embryonie and fetal development, and birth. In this 
seetion, we will deal with gametogenesis and fertilization. 


^gameto = marriage, union; genesis = production 


Gametogenesis 

Sexual reproduction has a great advantage over asexual reproduc- 
tion in that it produces genetieally varied offspring, a emeial key to 
speeies survival in a ehallenging and ever-ehanging environment. 
Yet sexual reproduction also presents a problem. If offspring are to 
be produced by the union of eells from two parents, and if human 
eells normally have 46 ehromosomes eaeh, it might seem that the 
union of sperm and egg would produce a fertilized egg (zygote) 
with 92 ehromosomes. All eells deseended from the zygote by 
mitosis would also have 92. Then in that generation, a sperm with 
92 ehromosomes would fertilize an egg with 92, and the next 
generation would have 184 ehromosomes in eaeh eell, and so on. 
Obviously, if sexual reproduction is to eombine eells from two 
parents in eaeh generation, there must be a meehanism for main- 
taining the normal ehromosome number. The solution is to reduce 
the ehromosome number by half as the sex eells (gametes) are 
formed; this function is aehieved by a speeial form of eell division 
ealled meiosis 2 (reduction division). 

Gametogenesis and meiosis are detailed in ehapter 26 because 
they are best understood in relation to the structure of the testes and 
ovaries. However, a few basie faets are needed here in order to best 
understand fertilization and the beginning of human development. 
One of the most important properties of the gametes is that they have 
only 23 ehromosomes—half as many as other eells of the body. They 
are ealled haploid 3 for this reason, whereas the other eells of the body 
are diploid . 4 Diploid eells have two eomplete sets of 23 ehromosomes 
(46 in all), one set from the mother and one from the father. 

Gametogenesis begins with diploid stem eells that sustain their 
numbers through mitosis. Some of these eells then set off on a path 
that leads to egg or sperm eells through meiosis. Meiosis eonsists 
of two eell divisions (meiosis I and II) that have the effeets of 
ereating new genetie variety in the ehromosomes and halving the 
ehromosome number (see p. 709 for details). 

In sperm production (spermatogenesis), meiosis I and II result 
in four equal-sized eells ealled spermatids, which then grow tails 
and develop into sperm without further division. In egg production 
( oogenesis), however, eaeh meiotie division produces one large eell 
and one much smaller eell. The small eell, ealled a polar body, is 
merely a way of disposing of the excess ehromosomes, and it soon 
dies. The large eell goes on to beeome the egg. This uneven division 
produces an egg with as much eytoplasm as possible—the raw 
material for early development. In oogenesis, an unfertilized egg dies 
after meiosis I. Meiosis II never occurs unless the egg is fertilized. 

Sperm Migration and Capacitation 

The human ovary usually releases one egg (ooeyte) per month, 
around day 14 of a typieal 28-day ovarian eyele. This egg is swept 
into the uterine (fallopian) tube by the beating of eilia on the tube’s 
epithelial eells and begins a 3-day trip down the tube toward the 
uterus. If the egg is not fertilized, it dies within 24 hours and gets 
no more than one-third of the way to the uterus. Therefore, if a 


2 meio = less, fewer 

3 haplo = half 

4 diplo = double, paired 
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sperm is to fertilize an egg, it must migrate up the tube to meet 
it. The vast majority of sperm never make it. Although a typieal 
ejaculation may eontain 200 million sperm, many of these are 
destroyed by vaginal aeid or drain out of the vagina; others fail 
to get through the eervieal eanal into the uterus; still more are 
destroyed by leukocytes in the uterus; and half of the survivors of 
all these ordeals are likely to go up the wrong uterine tube. Only 
about 200 (1 in a million) reaeh the general vieinity of the egg. 

Freshly ejaculated sperm eannot immediately fertilize an egg. 
They must undergo a proeess ealled eapaeitation, which takes about 
10 hours and occurs during their migration in the female reproducti ve 
traet. In fresh sperm, the plasma membrane is toughened by 
eholesterol. During eapaeitation, fluids of the female reproductive 
traet dilute inhibitory faetors in the semen and leaeh eholesterol from 
the membrane of the sperm head. The membrane beeomes more 
fragile so it breaks open more easily upon eontaet with the egg. It 
also beeomes more permeable to calcium ions, which diffuse into the 
sperm and stimulate more powerful lashing of the tail. 

The anterior tip of the sperm eontains a speeialized lysosome 
ealled the aerosome, a paeket of enzymes used to penetrate the egg 
and eertain barriers around it (see fig. 26.8, p. 712). When the 
sperm eontaets an egg, the aerosome undergoes exocytosis—the 


aerosomal reaetion —releasing these enzymes (fig. 4.1). But 
the first sperm to reaeh an egg is not the one to fertilize it. The egg 
is surrounded by a gelatinous membrane ealled the zona pellucida 
and, outside this, a layer of small granulosa eells. It requires 
numerous sperm to elear a path through these barriers before one 
of them ean penetrate into the egg itself. 

Fertilization 

When a sperm eontaets the egg’s plasma membrane, it digests a hole 
into the membrane, the sperm and egg membranes fuse, and the sperm 
nucleus and midpieee enter the egg (fig. 4.1). The midpieee, a short 
segment of the tail behind the head, eontains sperm mitoehondria, the 
“powerhouses” that synthesize ATP for sperm motility. The egg, how- 
ever, usually destroys all sperm mitoehondria, so only the mother’s 
mitoehondria (and her mitoehondrial DNA) pass to the offspring. 

It is important that only one sperm be permitted to fertilize an 
egg. If two or more sperm did so—an event ealled polyspermy —the 
fertilized egg would have 69 or more ehromosomes and would die 
of a “gene overdose.” The egg has two meehanisms for preventing 
such a wasteful fate: (1) In th e fast bloek to polyspermy, binding 
of the sperm to the egg opens pores ealled sodium ehannels in the 
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Figure 4.1 Fertilization and the Slow Bloek to Polyspermy. 
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egg membrane. Sodium ions flow rapidly into the egg and cause 
a ehange in the eleetrieal eharge on the membrane, which inhibits 
the binding of any more sperm. (2) This is followed by a slow bloek 
to polyspermy, in which sperm penetration triggers an inflow of 
calcium ions. Calcium stimulates a eortieal reaetion —the exocytosis 
of seeretory vesieles ealled eortieal granules just beneath the egg 
membrane. The seeretion from these granules swells with water, 
pushes all remaining sperm away from the egg, and ereates an 
impenetrable fertilization membrane between the egg and zona 
pellucida (fig. 4.1, steps 2-4). 

Upon fertilization, the egg eompletes meiosis II and diseards 
a seeond polar body. The sperm and egg nuclei swell and beeome 
pronuclei. A mitotie spindle forms between them, eaeh pronucleus 
ruptures, and the ehromosomes of the two gametes mix into a 
single diploid set. This mingling of the maternal and paternal 
ehromosomes is ealled amphimixis. 5 The eell, now ealled a 
zygote, 6 is ready for its first mitotie division. 

Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. Why is it neeessary for gametogenesis to reduce the 
ehromosome number of the sex eells by one-half? 

2. Explain why sperm eannot fertilize an egg immediately 
after ejaculation. 

3. Explain why nearly all of an individual’s mitoehondria 
originate from the mother. 

4. Deseribe two ways a fertilized egg prevents the entry of 
excess sperm. 




Stages of Prenatal 
Development 


Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. name and define the three basie stages of prenatal 
development; 

b. deseribe the implantation of a conceptus in the 
uterine wall; 

e. deseribe the major events that transform a fertilized 
egg into an embryo; 

d. define and deseribe the membranes assoeiated with 
the embryo; 

e. deseribe three ways in which the conceptus is 
nourished during its development; 

f. deseribe the formation and functions of the plaeenta; and 

g. deseribe some major developments in the fetal stage. 


5 amphi = both; mixis = mingling 

6 zygo = union 


Human gestation (pregnaney) begins with eoneeption (fertilization) 
and ends with parturition (ehildbirth). It lasts an average of 
266 days (38 weeks). Sinee the date of eoneeption is seldom known 
with eertainty, the gestational ealendar is usually measured from the 
day a woman’s last menstmal period (LMP) began, and birth is pre- 
dieted to occur about 280 days (40 weeks) thereafter. Time periods 
in this ehapter, however, are measured from the date of eoneeption. 

All the products of eoneeption are eolleetively ealled the 
conceptus. This includes all developmental stages from zygote 
through fetus, and the assoeiated structures such as the umbilical 
eord, plaeenta, and amniotie sae. 

Clinically, the course of a pregnaney is divided into 3-month 
intervals ealled trimesters: 

1. The first trimester (first 12 weeks) extends from fertilization 
through the first month of fetal life. This is the most precarious 
stage of development; more than half of all embryos die in the 
first trimester. Stress, dmgs, and nutritional defieieneies are 
most threatening to the conceptus during this time. 

2. The seeond trimester (weeks 13 through 24) is a period 
in which the organs eomplete most of their development. It 
beeomes possible with sonography to see good anatomieal 
detail in the fetus. By the end of this trimester, the fetus looks 
distinetly human, and with intensive eare, infants born at the 
end of the seeond trimester have a ehanee of survival. 

3. In the third trimester (week 25 to birth), the fetus grows 
rapidly and the organs aehieve enough cellular differentiation to 
support life outside the womb. Some organs, such as the brain, 
liver, and kidneys, however, require further differentiation after 
birth to beeome fully functional. At 35 weeks from fertilization, 
the fetus typieally weighs about 2.5 kg (5.5 pounds). It is 
eonsidered mature at this weight, and usually survives if born 
early. Most twins are born at about 35 weeks’ gestation and 
solitary infants at 40 weeks. 

From a more biologieal than elinieal standpoint, human devel- 
opment is divided into three stages ealled the preembryonie, 
embryonie, and fetal stages (table 4.1). 

1 . The preembryonie stage begins with the zygote and lasts 
about 16 days. It involves three main proeesses: (1) eleavage, 
or eell division; (2) implantation, in which the conceptus 
beeomes embedded in the mucosal lining (endometrium) of 
the uterus; and (3) embryogenesis, in which the embryonie 
eells migrate and differentiate into three tissue layers ealled 
the eetoderm, mesoderm, and endoderm —eolleetively known 
as the primary germ layers. Onee these layers exist, the 
individual is ealled an embryo. 

2. The embryonie stage extends from day 17 until the end of 
week 8. It is a stage in which the primary germ layers develop 
into the mdiments of all the organ systems. When all organ 
systems are represented (even though not yet functional), the 
individual is eonsidered a fetus. 

3. The fetal stage of development extends from the beginning of 
week 9 until birth. This is a stage in which the organs grow, 
differentiate, and beeome eapable of functioning outside the 
mother’s body. 
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TABLE 4.1 

The Stages of Pr 

Stage 

Age* 

Preembryonie stage 

Zygote 

0-30 hours 

eieavage 

30-72 hours 

Morula 

3-4 days 

Blastoeyst 

4-16 days 

Embryonie stage 

16 days-8 


weeks 

Fetal stage 

8-38 weeks 


Major Developments and Defìning Characteristics 


A single diploid eell formed by the union of egg and sperm 
Mitotie division of the zygote into smaller, identieal blastomeres 
A spherieal stage eonsisting of 16 or more blastomeres 

A fluid-filled, spherieal stage with an outer mass of trophoblast eells and inner mass of 
embryoblast eells; beeomes implanted in the endometrium; inner mass forms an embryonie 
dise and differentiates into the three primary germ layers 

A stage in which the primary germ layers differentiate into organs and organ systems; ends 
when all organ systems are present 

A stage in which organs grow and mature at a cellular level to the point of being eapable of 
supporting life outside of the mother’s body 


*From the time of fertilization 


Preembryonie Stage 

The three major events of the preembryonie stage are eleavage, 
implantation, and embryogenesis. 


eieavage 

Cleavage eonsists of mitotie divisions that occur in the first 3 days 
after fertilization, dividing the zygote into smaller and smaller eells 
ealled blastomeres. 7 It begins as the conceptus migrates down the 
uterine tube (fig. 4.2). The first eleavage occurs in about 30 hours. 
Blastomeres divide again at shorter and shorter time intervals, 
doubling the number of eells eaeh time. In the early divisions, the 
blastomeres divide simultaneously, but as eleavage progresses, 
they beeome less synehronized. 

By the time the conceptus arrives in the uterus about 72 hours 
after ovulation, it eonsists of 16 or more eells and has a bumpy 
surface similar to a mulberry—henee it is ealled a morula. 8 The 
mornla is no larger than the zygote; eleavage merely produces 
smaller and smaller eells. This inereases the ratio of eell surface 
area to volume, which favors effieient nutrient uptake and waste 
removal, and it produces a larger number of eells from which to 
form different embryonie tissues. 

The mornla lies free in the uterine eavity for 4 or 5 days and 
divides into 100 eells or so. It beeomes a hollow sphere ealled 
the blastoeyst, with an internal eavity ealled the blastoeoel 
(BLAST-oh-seal) (fig. 4.3a). The wall of the blastoeyst is a layer 
of squamous eells ealled the trophoblast, 9 which is destined to 
form part of the plaeenta and plays an important role in nourishing 
the embryo. On one side of the blastoeoel, adhering to the inside 
of the trophoblast, is an inner eell mass ealled the embryoblast, 
which is destined to beeome the embryo itself. 


Implantation 

About a week after ovulation, the blastoeyst attaehes to the 
endometrium, usually on the “eeiling” or on the posterior wall of the 
uterus. The proeess of attaehment, ealled implantation, begins when 
the blastoeyst adheres to the endometrium. The trophoblast eells on 
this side separate into two layers (fig. 4.3b). In the superficial layer, 
in eontaet with the endometrium, the plasma membranes break 
down and the trophoblast eells fuse into a multinucleate mass ealled 
the syneytiotrophoblast 10 (sin-SISH-ee-oh-TRO-foe-blast). (A 
syncytium is any body of eytoplasm eontaining multiple nuclei.) The 
deep layer, elose to the embryoblast, is ealled the eytotrophoblast 11 
because it retains individual eells divided by membranes. 

The syneytiotrophoblast grows into the uterus like little roots, 
digesting endometrial eells along the way. The endometrium reaets 
to this injury by growing over the trophoblast and eventually eover- 
ing it, so the conceptus beeomes eompletely buried in endometrial 
tissue. Implantation takes about a week and is eompleted about the 
time the next menstmal period would have occurred if the woman 
had not beeome pregnant. 

Embryogenesis 

During implantation, the embryoblast undergoes embryogenesis— 
culminating with arrangement of the blastomeres into the three pri- 
mary germ layers. At the beginning of this phase, the embryoblast 
separates slightly from the trophoblast, ereating a narrow spaee 
between them ealled the amniotie eavity. The embryoblast flattens 
into an embryonie dise (blastodise) eomposed of two eell layers: 
the epiblast faeing the amniotie eavity and the hypoblast faeing 
away. Some hypoblast eells multiply and form a membrane ealled 
the yolk sae, enelosing the blastoeoel. Now the embryonie dise is 
flanked by two spaees: the amniotie eavity on one side and the yolk 
sae on the other (fig. 4.3c). 


7 blast = bud, precursor; mer = segment, part 

8 mor = mulberry; ula = little 

9 troph = food, nourishment; blast = to produce 


10 syn = together; eyf = eell 
Ayfo = eell 
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Figure 4.2 Migration of the Conceptus. The egg is fertilized in the distal end of the uterine tube, and the preembryo begins eleavage as it 
migrates to the uterus. 

Why ean’t the egg be fertilized in the uterus? 


Meanwhile, the dise elongates and, around day 15, a groove 
ealled the primitive streak forms along the midline of the epi- 
blast. These events make the embryo bilaterally symmetrie and 
define its future right and left sides, dorsal and ventral surfaces, 
and eephalie 12 and caudal 13 ends. 

The next step is gastrulation —rmiltiplying epiblast eells migrate 
medially toward the primitive streak and down into it (fig. 4.4). 
These eells replaee the original hypoblast with a layer now ealled 
the endoderm, which will beeome the inner lining of the digestive 
traet, among other things. A day later, migrating epiblast eells form 
a third layer between the first two, ealled the mesoderm. Onee this 
is formed, the epiblast is ealled eetoderm. Thus, all three primary 
germ layers arise from the original epiblast. Some mesoderm over- 
flows the embryonie dise and beeomes an extensive extraembryonic 
mesoderm, which contributes to formation of the plaeenta (fig. 4.3c). 

The eetoderm and endoderm are epithelia eomposed of tightly 
joined eells, but the mesoderm is a more loosely organized tissue. It later 
differentiates into a loose fetal eonneetive tissue ealled mesenehyme, 14 
which gives rise to such tissues as eardiae and smooth muscle, earti- 
lage, bone, and blood. Mesenehyme is eomposed of a loose network of 
wispy mesenehymal eells embedded in a gelatinous ground substance. 



Eetopie Pregnaney 

ln about 1 out of 300 pregnaneies, the blastoeyst implants some- 
where other than the uterus, producing an eeíop/e 15 pregnaney. 
Most eases are tubal pregnaneies, implantation in the uterine 
tube. This usually occurs because the conceptus encounters an 
obstmetion such as a eonstrietion resulting from earlier pelvie 
inflammatory disease, tubal surgery, previous eetopie pregnan- 
eies, or repeated misearriages. The uterine tube eannot expand 
enough to aeeommodate the growing conceptus for long; if the 
situation is not deteeted and treated early, the tube usually rup- 
tures within 12 weeks, potentially killing the mother. Oeeasionally, 
a conceptus implants in the abdominopelvie eavity, producing an 
abdominalpregnaney. It ean grow anywhere it finds an adequate 
blood supply, such as on the outside of the uterus, eolon, or 
bladder. About 1 pregnaney in 7,000 is abdominal. Abdominal 
pregnaney is a serious threat to the mother’s life and usually 
requires abortion, but about 9% of abdominal pregnaneies end 
in live birth by eesarean seetion. 


u cephol = head 

u coud = tail - 

14 mes = middle; enehym = poured into 15 ec = outside; top = plaee 
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Figure 4.3 Implantation. (a) Structure of the blastoeyst 6 to 7 days after ovulation, when it first adheres to the uterine wall. (b) The progress of 
implantation about 1 day later. The syneytiotrophoblast has begun growing rootlets, which penetrate the endometrium. (e) By 16 days, the conceptus 
is eompletely eovered by endometrial tissue. The embryo is now flanked by a yolk sae and amnion and is eomposed of three primary germ layers. 



hypoblast) 

Figure 4.4 Formation of the Primary Germ Layers (Gastmlation). 

Composite view of the embryonie dise at 15 to 16 days. Epiblast eells 
migrate over the surface and down into the primitive groove, first 
replaeing the hypoblast eells with endoderm, then filling the spaee with 
mesoderm. Upon eompletion of this proeess, the uppermost layer is 
eonsidered eetoderm. 


Onee the three primary germ layers are formed, embryogenesis 
is eomplete and the individual is eonsidered an embryo. It is about 
2 mm long and 16 days old at this point. 

Embryonie Stage 

The embryonie stage of development begins around day 16 and 
extends to the end of week 8. During this time, the plaeenta and 
other aeeessory structures develop, the embryo begins reeeiving 
nutrition primarily from the plaeenta, and the germ layers differen- 
tiate into organs and organ systems. Although these organs are still 
far from functional, it is their presenee at 8 weeks that marks the 
transition from the embryonie stage to the fetal stage. 

Embryonie Folding and Organogenesis 

In weeks 3 to 4, the embryo grows rapidly and folds around the 
yolk sae, eonverting the flat embryonie dise into a somewhat eylin- 
drieal form. As the eephalie and caudal ends curve around the ends 
of the yolk sae, the embryo beeomes C-shaped, with the head and 
tail almost touching (fig. 4.5). The lateral margins of the dise fold 
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Age 
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Figure 4.5 Embryonie Folding. The left-hand figures are longitudinal seetions with the eephalie (head) end faeing right. The right- 
hand figures are eross seetions cut about midway along the figures on the left. Part (a) eorresponds to figure 4.3c at a slightly later stage of 
development. Note the general trend for the eephalie and caudal ends of the embryo to curl toward eaeh other (left-hand figures) until the 
embryo assumes a C shape, and for the flanks of the embryo to fold laterally (right-hand figures), eonverting the flat embryonie dise into a more 
eylindrieal body and eventually enelosing a body eavity (e). 


around the sides of the yolk sae to form the ventral surface of the 
embryo. This lateral folding eneloses a longitudinal ehannel, the 
primitive gut, which later beeomes the digestive traet. 

As a result of embryonie folding, the entire surface is eovered 
with eetoderm, which later produces the epidermis of the skin. In 
the meantime, the mesoderm splits into two layers. One adheres 
to the eetoderm and the other to the endoderm, thus opening a 
spaee ealled the eoelom (SEE-loam) between them (fig. 4.5b, e). 
The eoelom beeomes divided into the thoraeie eavity and peritoneal 
eavity by a wall, the diaphragm. By the end of week 5, the thoraeie 
eavity further subdivides into pleural and perieardial eavities. 

The formation of organs and organ systems during this time is 
ealled organogenesis. Table 4.2 lists the major tissues and organs 
that arise from eaeh primary germ layer. 


Apply What You Know 

List the four primary tissue types of the adult body (see ehapter 3), 
and identify which of the three primary germ layers of the embryo 
predominantly gives rise to eaeh. 


Three major events of organogenesis are espeeially important 
for understanding organ development in later ehapters: develop- 
ment of the neural tube, outpocketing of the throat region to form 
pharyngeal pouches, and the appearanee of body segments ealled 
somites. 

The formation of the neural tube is ealled neurulation. This 
proeess is detailed in ehapter 13, but a few essential points are 
needed here. By week 3, a thiek ridge of eetoderm ealled the 
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TABLE 4.2 Derivatives of the Three Primary 

Germ Layers 


Germ Layer Major Derivatives 

Eetoderm Epidermis; hair follieles and piloereetor 

muscles; cutaneous glands; nervous 
system; adrenal medulla; pineal and 
pituitary glands; lens, eornea, and intrinsie 
muscles of the eye; internal and external 
ear; salivary glands; epithelia of the nasal 
eavity, oral eavity, and anal eanal 

Mesoderm Dermis; skeleton; skeletal, eardiae, and 

most smooth muscle; eartilage; adrenal 
cortex; middle ear; blood and lymphatie 
vessels; blood; bone marrow; lymphoid 
tissue; epithelium of kidneys, ureters, 
gonads, and genital ducts; mesothelium 
of abdominal and thoraeie eavities 

Endoderm Most of the mucosal epithelium of the 

digestive and respiratory traets; mucosal 
epithelium of urinary bladder and parts 
of urethra; epithelial eomponents of 
aeeessory reproductive and digestive 
glands (except salivary glands); thyroid 
and parathyroid glands; thymus 


neural plate appears along the midline of the embryonie dise. 
This is the source of the entire nervous system. As development 
progresses, the neural plate sinks and beeomes a neural groove, 
with a raised edge ealled the neuralfold on eaeh side (fig. 4.6a). 
Cells along the margins of the fold beeome speeialized neural erest 
tissue. Next, the edges of the fold meet and elose, somewhat like 
a zipper, beginning in the middle of the embryo and progressing 
toward both ends. By 4 weeks, this proeess ereates an enelosed 
ehannel, the neural tube (fig. 4.6b). 

Neural erest eells separate from the overlying eetoderm and 
sink a little more deeply into the embryo to flank the neural tube. As 
deseribed in ehapter 13, neural erest eells later migrate to various 
positions in the embryo and give rise to several other eomponents 
of the nervous system and to other tissues. By week 4, the eephalie 
end of the neural tube develops bulges or vesieles that develop into 
different regions of the brain, and the more caudal part beeomes 
the spinal eord. Neurulation is one of the most sensitive periods of 
prenatal development. Abnormal developments ealled neural tube 
defeets are among the most eommon and devastating birth defeets 
(see p. 367). 

Pharyngeal (branehial) pouches are five pairs of poekets that 
form in the walls of the future throat of the embryo at around 4 to 
5 weeks’ gestation (fig. 4.7). They are separated by pharyngeal 
arehes, which appear as external bulges in the neek region (see 
fig. 4.11b). Pharyngeal pouches are among the basie defining 
eharaeteristies of all vertebrates from fish to mammals. In humans, 
they give rise to the tympanie (middle-ear) eavity, palatine tonsil, 
thymus, parathyroid glands, and part of the thyroid gland. 
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Figure 4.6 Neurulation. (a) The neural groove at 20 days. (b) The 
neural tube at 26 days. 

Somites are bilaterally paired bloeks of mesoderm that give 
the embryo a segmented appearanee (see fig. 4.11a, b). They rep- 
resent a primitive vertebrate segmentation that is more distinetly 
visible in fish, snakes, and other lower vertebrates than in mam- 
mals. Humans, however, show traees of this segmentation in the 
linear series of vertebrae, ribs, spinal nerves, and trunk muscles. 
Somites begin to appear by day 20 and number 42 to 44 pairs by 
day 35. Beginning in week 4, eaeh somite subdivides into three 
tissue masses: a selerotome, 16 which surrounds the neural tube and 
gives rise to bone tissue of the vertebral column; a myotome, 17 
which gives rise to muscles of the trunk; and a dermatome, 18 
which gives rise to the dermis of the skin and to its assoeiated 
subcutaneous tissue. 

At 5 weeks, the embryo exhibits a prominent head bulge at the 
eephalie end and a pair of optie vesieles destined to beeome the 
eyes. A large heart bulge eontains a heart, which has been beating 
sinee day 22. The arm buds and leg buds, the future limbs, are 
present at 24 and 28 days, respeetively. Figure 4.11 a-e shows the 
external appearanee of embryos from 3 to 7 weeks. 

Extraembryonic Membranes 

The conceptus develops a number of aeeessory organs external to the 
embryo itself. These include the plaeenta, umbilical eord, and four 
extraembryonic membranes —the amnion, yolk sae, allantois, 


:6 sclero 

= hard; tom = 

= segment 

17 

myo = 

muscle; tom - 

= segment 

^derma 

= skin; tom = 

= segment 
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Figure 4.7 The Pharyngeal Pouches. (a) Level at vvhieh the seetion in part (b) is taken. (b) Superior vievv of the pharyngeal region shovving the 
five pairs of pharyngeal pouches (l-V) and their developmental fates. Compare figure 4.11b. 



Morning Siekness 

A vvoman’s earliest sign of pregnaney is often morning siek- 
ness, a nausea that sometimes progresses to vomiting. Severe 
and prolonged vomiting, ealled hyperemesis grovidorum , 19 ean 
neeessitate hospitalization for fluid therapy to restore eleetro- 
lyte and aeid-base balanee. The physiologieal cause of morning 
siekness is unknown; it may result from the steroids of preg- 
naney inhibiting intestinal motility. It is also uncertain whether it 
is merely an undesirable effeet of pregnaney or whether it has a 
biologieal purpose. An evolutionary hypothesis is that morning 
siekness is an adaptation to proteet the embryo from toxins. The 
embryo is most vulnerable to toxins at the same time that morn- 
ing siekness peaks, and women with morning siekness tend to 
prefer bland foods and avoid spiey and pungent foods, which 
are highest in toxic compounds. Pregnant women tend also to 
be espeeially sensitive to flavors and odors that suggest spoiled 
food. Women who do not experience morning siekness more 
often misearry or bear ehildren with birth defeets than do women 
who experience it. 


and ehorion (fig. 4.8). To understand these membranes, it helps to 
realize that all mammals evolved from egg-laying reptiles. Within 
the shelled, self-eontained egg of a reptile, the embryo rests atop 
a yolk, which is enelosed in the yolk sae; it is suspended in a pool 
of liquid eontained in the amnion; it stores toxic wastes in another 
sae, the allantois; and to breathe, it has a ehorion permeable to 
gases. All of these membranes persist in mammals, inehiding 
humans, but are modified in their functions. 


]9 hyper = excessive; emesis = vomiting; grovido = pregnant vvoman; orum = of 


The amnion is a transparent sae that develops from the epiblast 
of the embryonie dise. It grows to eompletely enelose the embryo 
and is penetrated only by the umbilical eord (fig. 4.8a, b; see also 
fig. 4.11d, f). The amnion fills with amniotie fluid, which serves 
several functions: It enables the embryo to develop symmetrieally; 
keeps its surface tissues from adhering to eaeh other; proteets it 
from trauma, infeetion, and temperature fluctuations; allows the 
freedom of movement important to muscle development; and plays 
a role in lung development as the fetus “breathes” the fluid. At 
first, the fluid forms by filtration of the mother’s blood plasma, 
but beginning at 8 to 9 weeks, the fetus urinates into the amniotie 
eavity about onee an hour and contributes substantially to the fluid. 
The volume ehanges slowly, however, because the fetus swallows 
fluid at a eomparable rate. By the end of gestation, the amnion 
eontains 700 to 1,000 mL of fluid. 


Apply What You Know 

Oligohydramnios 20 is an abnormally low volume of amniotie 
fluid. Renal agenesis 21 is a failure of the fetal kidneys to develop. 
Which of these do you think is most likely to cause the other 
one? Explain why. What could be some consequences of 
oligohydramnios to fetal development? 


The yolk sae, as we have already seen, arises from eells of the 
embryonie hypoblast opposite the amnion. Initially, it is larger than 
the embryo and is broadly eonneeted to almost the entire length 
of the primitive gut. During embryonie folding, however, its eon- 
neetion to the gut beeomes eonstrieted and reduced to a narrow 


20 oligo = few, little; hydr = water, fluid; omnios = amniotie 
21 o = without; genesis = formation, development 
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(b) 

Figiire 4.8 The Plaeenta and Extraembryonic Membranes. (a) Embryo at 4 weeks, enelosed in the amnion and ehorion and surrounded by a 
developing plaeenta. (b) Fetus at 12 weeks. The plaeenta is now eomplete and lies on only one side of the fetus. (e) A portion of the mature plaeenta 
and umbilical eord, showing the relationship between fetal and maternal circulation. 


passage ealled the vitelline 22 duct. Sinee the embryo continues 
growing long after the yolk sae stops, the yolk sae beeomes a rela- 
tively small pouch suspended from the ventral side of the embryo 
(see figs. 4.5; 4.8a, b). It produces the first blood eells and the stem 


22 vitell = yolk 


eells of gametogenesis. These eells migrate by ameboid movement 
into the embryo, where the blood eells eolonize the bone marrow 
and other tissues, and the gametogenie eells eolonize the future 
gonads. Eventually, the vitelline duct pinehes off and disintegrates. 

The allantois (ah-LON-toe-iss) is initially an outpocket- 
ing of the yolk sae; eventually, as the embryo grows, it beeomes 
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an outgrowth of the caudal end of the gut eonneeted to it by the 
allantoie duct (see figs. 4.5; 4.8c). It forms a foundation for 
growth of the umbilical eord and beeomes part of the urinary blad- 
der. The allantoie duct ean be seen in histologieal eross seetions 
of the umbilical eord if they are cut elose enough to the fetal end. 

The ehorion (CORE-ee-on) is the outermost membrane, 
enelosing all the rest of the membranes and the embryo. Initially, 
it has shaggy proeesses ealled ehorionie villi around its entire sur- 
faee (fig. 4.8a). As the pregnaney advanees, the villi on the pla- 
eental side grow and braneh, and this surface is then ealled the 
villoiÁS ehorion. The villous ehorion forms the fetal portion of the 
plaeenta. The villi degenerate over the rest of the surface, which is 
then ealled the smooth ehorion. 


Prenatal Nutrition 

Over the course of gestation, the conceptus is nourished in three 
different, overlapping ways. As it travels down the uterine tube 
and lies free in the uterine eavity before implantation, it absorbs a 
glyeogen-rieh seeretion of the uterine glands ealled uterine milk. 
It is the accumulation of this fluid that forms the blastoeoel in 
figure 4.3a. 

As it implants, the conceptus makes a transition to trophoblastie 
(deciduous) nutrition, in which the trophoblast digests eells of 
the endometrimn ealled decidual 23 eells. Under the influence 
of progesterone, these eells proliferate and accumulate a rieh store 
of glyeogen, proteins, and lipids. As the conceptus burrows into the 
endometrium, the syneytiotrophoblast digests them and supplies 
the nutrients to the embryoblast. Trophoblastie nutrition is the only 
mode of nutrition for the first week after implantation. It remains 
the dominant source of nutrients through the end of week 8; the 
period from implantation through week 8 is therefore ealled the 
trophoblastie phase of the pregnaney. Trophoblastie nutrition 
wanes as plaeental nutrition takes over, and eeases entirely by the 
end of week 12 (fig. 4.9). 

In plaeental nutrition, nutrients from the mother’s blood diffuse 
through the plaeenta into the fetal blood. The plaeenta 24 is a vascu- 
lar organ attaehed to the uterine wall on one side and, on the other 
side, eonneeted to the fetus by way of the umbilical eord. It begins 
to develop about 11 days after eoneeption, beeomes the dominant 
mode of nutrition at the beginning of week 9, and is the sole mode of 
nutrition from the end of week 12 until birth. The period from week 
9 until birth is ealled the plaeental phase of the pregnaney. 

Plaeental development begins when extensions of the syneytio- 
trophoblast, the first ehorionie villi, penetrate more and more deeply 
into the endometrium, like the roots of a tree penetrating into the 
nourishing “soil” of the uterus (fig. 4.8a, e). As they digest their way 
through uterine blood vessels, the villi beeome surrounded by pools 
of free blood. These pools eventually merge to form a single blood- 
filled eavity, the plaeental sinus. Exposure to maternal blood stim- 
ulates inereasingly rapid development of the villi, which braneh and 
grow into shapes like little sprigs of cauliflower. Extraembryonic 
mesenehyme grows into the villi and gives rise to the blood vessels 
that eonneet to the embryo by way of the umbilical eord. 


23 decid = falling off 
24 placenta = flat eake 



Plaeental Disorders 

The two primary causes of third-trimester bleeding are plaeental 
disorders ealled plaeenta previa and abmptio piaeentae. These 
are similar and easily mistaken for eaeh other. A suspicion of 
either eondition ealls for a sonogram to differentiate the two and 
deeide on a course of aetion. 

The conceptus usually implants high on the body of the 
uterus or on its eeiling. In about 0.5% of births, however, the pla- 
eenta is so low on the uterine wall that it partially or eompletely 
bloeks the eervieal eanal. This eondition, ealled plaeenta previa, 
makes it impossible for the infant to be born without the plaeenta 
separating from the uterine wall first. Thus, there is a possibility 
of life-threatening hemorrhaging during pregnaney or birth. If 
plaeenta previa is deteeted by sonography, the infant is delivered 
by eesarean (C) seetion. 

Abmptio plaeentae (ah-BRUP-she-oh pla-SEN-tee) is the pre- 
mature partial or total separation of the plaeenta from the uterine 
wall. It occurs in 0.4% to 3.5% of pregnaneies. Slight separations 
may require no more than bed rest and observation, but more 
severe eases ean threaten the life of the mother, fetus, or both. 
Such eases require early delivery, usually by C-section. 



0 4 8 12 16 20 24 28 32 36 40 

VVeeks after implantation 


Trophoblastie 

phase 


Plaeental phase 


Figure 4.9 The Timetable of Trophoblastie and Plaeental 

Nutrition. Trophoblastie nutrition peaks at 2 weeks and ends by 
12 weeks. Plaeental nutrition begins at 2 weeks and beeomes 
inereasingly important until birth, 39 weeks after implantation. 

The two modes of nutrition overlap up to the twelfth week, but the 
trophoblast phase is the period in which most nutrients are supplied 
by trophoblastie nutrition, and the plaeental phase is the period in 
which most (eventually all) nutrition eomes from the plaeenta. 

• At what point do the two modes contribute equally to prenatal 
nutrition? 


The fully developed plaeenta is a dise of tissue about 20 em 
in diameter and 3 em thiek (fig. 4.10). At birth, it weighs about 
one-sixth as much as the baby. The surface faeing the fetus is 
smooth and gives rise to the umbilical eord. The surface faeing the 
uterine wall is rougher. It eonsists of the ehorionie villi, which are 
contributed by the fetus, and a region of the mother’s endometrium 
ealled the decidua basalis. 
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(a) Fetal side 



(b) Maternal (iiterine) side 

Figure 4.10 The Plaeenta and Llmbilieal Cord. (a) The fetal side, 

showing blood vessels, the umbilical eord, and some of the amniotie 
sae attaehed to the lower left margin. (b) The maternal (uterine) side, 
where ehorionie villi give the plaeenta a rougher texture. 

• How mony orteries ond how mony veins ore found in the umbilicol 
eord? Which vessels eorry blood with the higher level ofoxygen? 

The umbilical eord eontains two iimbilieal arteries and one 
umbilical vein. Pumped by the fetal heart, blood flows to the 
plaeenta by way of the umbilical arteries and then returns to the fetus 
by way of the umbilical vein. The ehorionie villi ar zfilled with fetal 
blood and surrounded hy maternal blood; the two bloodstreams do 
not mix unless there is damage to the plaeental barrier. The barrier, 
however, is only 3.5 p,m thiek—half the diameter of a red blood eell. 
Early in development, the ehorionie villi have thiek membranes that 
are not very permeable to nutrients and wastes, and their total surface 
area is relatively small. As the villi grow and braneh, their surface 
area inereases and the membranes beeome thinner and more per- 
meable. Thus there is a dramatie inerease in plaeental conductivity, 
the rate at which substances diffuse through the membrane. Oxygen 
and nutrients pass from the maternal blood to the fetal blood, while 
fetal wastes pass the other way to be eliminated by the mother. 


Unfortunately, the plaeenta is also permeable to nieotine, aleohol, 
and most other drngs in the maternal bloodstream. Nutrition, excre- 
tion, and other functions of the plaeenta are summarized in table 4.3. 

Fetal Stage 

At the end of 8 weeks, all of the organ systems are present, the 
individual is about 3 em long, and it is now eonsidered a fetus 
(fig. 4.1 le-f). Its bones have just begun to ealeify and the skeletal 
muscles exhibit spontaneous eontraetions, although these are too 
weak to be felt by the mother. The heart, which has been beat- 
ing sinee the fourth week, now circulates blood. The heart and 
liver are very large and form the prominent ventral bulges seen in 
figure 4.11b, e. The head is nearly half the body length. 

The primary ehanges in the fetal period are that the organ sys- 
tems beeome functional and the fetus rapidly gains weight and 
beeomes more human looking. Full-term fetuses average about 
36 em from the crown of the head to the curve of the buttock in 
a sitting position (crown-to-rump length, CRL). Most neonates 
(newborn infants) weigh between 3.0 and 3.4 kg (6.6-7.5 pounds). 
About 50% of this weight is gained in the last 10 weeks. Most 
neonates weighing 1.5 to 2.5 kg are viable, but with difficulty. 
Neonates weighing under 500 g rarely survive. 

The faee acquires a more distinetly human appearanee 
during the last trimester. The head grows more slowly than the 
rest of the body, so its relative length drops from one-half of the 
CRL at 8 weeks to one-fourth at birth. The skull has the largest 
circumference of any body region at term (about 10 em), and 
passage of the head is therefore the most difficult part of labor. 


TABLE 4.3 

Functions of the Plaeenta 

Nutritional roles 

Transports nutrients such as glucose, amino 
aeids, fatty aeids, minerals, and vitamins 
from the maternal blood to the fetal blood; 
stores nutrients such as earbohydrates, 
protein, iron, and calcium in early pregnaney 
and releases them to the fetus later, when 
fetal demand is greater than the mother ean 
absorb from the diet 

Excretory roles 

Transports nitrogenous wastes such as 
ammonia, urea, uric aeid, and ereatinine 

from the fetal blood to the maternal blood 

Respiratory roles 

Transports 0 2 from mother to fetus, and 

C0 2 from fetus to mother 

Endoerine roles 

Seeretes hormones (estrogen, 
progesterone, relaxin, human ehorionie 
gonadotropin, and human ehorionie 
somatomammotropin); allows other 
hormones synthesized by the conceptus to 
pass into the mother’s blood and maternal 
hormones to pass into the fetal blood 

lmmune role 

Transports maternal antibodies into fetal 
blood to eonfer immunity on fetus 
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Figure 4.11 The Developing Human. Parts (a) through (d) show 
development through the end of the embryonie stage. Parts (e) and (f) 
show the fetal stage of development. 
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The limbs grow more rapidly than the trnnk during the fetal stage, 
and aehieve their final relative proportions to the tmnk by 20 weeks 
(fig. 4.11f). Other highlights of fetal development are deseribed 


in table 4.4, and the development of individual organ systems is 
detailed in the ehapters that follow (table 4.5). 


TABLE 4.4 


Major Events of Prenatal Development, with Emphasis on the Fetal Stage 


End of Crown-to-Rump 
Week Length; Weight 


Developmental Events 


4 

0.6 em; <1 g 

8 

3 em; 1 g 

12 

9 em; 45 g 

16 

14 em; 200 g 

20 

19 em; 460 g 

24 

23 em; 820 g 

28 

27 em; 1,300 g 

32 

30 em; 2,100 g 

36 

34 em; 2,900 g 

38 

36 em; 3,400 g 


Vertebral column and eentral nervous system begin to form; limbs represented by small limb buds; heart begins 
beating around day 22; no visible eyes, nose, or ears 

Eyes form, eyelids fused shut; nose flat, nostrils evident but plugged with mucus; head nearly as large as the 
rest of the body; brain waves deteetable; bone ealeifieation begins; limb buds form paddlelike hands and feet 
with ridges ealled digitol roys, which then separate into distinet fingers and toes; blood eells and major blood 
vessels form; genitals present but sexes not yet distinguishable 


Eyes well developed, faeing laterally; eyelids still fused; nose develops bridge; external ears present; limbs well 
formed, digits exhibit nails; fetus swallows amniotie fluid and produces urine; fetus moves, but too weakly for 
mother to feel it; liver is prominent and produces bile; palate is fusing; sexes ean be distinguished 


Eyes faee anteriorly, external ears stand out from head, faee looks more distinetly human; body larger in 
proportion to head; skin is bright pink, sealp has hair; joints forming; lips exhibit sucking movements; kidneys 
well formed; digestive glands forming and meconium 25 (fetal feees) accumulating in intestine; heartbeat ean be 
heard with a stethoseope 


Body eovered with fine hair ealled lonugo 26 and eheeselike sebaceous seeretion ealled vernix eoseosod' which 
proteets itfrom amniotie fluid; skin bright pink; brown fatforms and will be used for postpartum heat production; fetus 
is now bentforward into “fetal position” because of crowding; quickening occurs—mother ean feel fetal movements 

Eyes partially open; skin wrinkled, pink, and translucent; lungs begin producing surfoctont, a fluid that aids 
postpartum respiration; rapid weight gain 

Eyes fully open; skin wrinkled and red; full head of hair present; eyelashes formed; fetus turns to upside-down 
vertex position; testes begin to deseend into scrotum; may survive if born at 28 weeks 

Subcutaneous fat deposition gives fetus a more plump, babyish appearanee, with lighter, less wrinkled skin; 
testes deseending 


27 


More subcutaneous fat deposited, body plump; lanugo is shed; nails extend to fingertips; limbs flexed; firm hand grip 
Prominent ehest, protmding breasts; testes in inguinal eanal or scrotum; fingernails extend beyond fingertips 


TABLE 4.5 


Information on Further Development of the Organ Systems 


lntegumentary system 


p. 123 


Endoerine system 


p. 512 


Bone tissue 


p. 139 


Skeletal system, axial 

p. 176 

Skeletal system, appendicular 

p. 200 

Muscular system 

p. 257 

Central nervous system 

p. 365 

Autonomic nervous system 

p. 456 

Sense organs 

p. 491 


Circulatory system, the heart 

p. 557 

Circulatory system, blood vessels 

p. 601 

Lymphatie system 

p. 626 

Respiratory system 

p. 647 

Digestive system 

p. 678 

llrinary system 

p. 697 

Reproductive system 

p. 727 


25 mecon = poppyjuice, opium 

26 lan = down, wool 

27 vernix = varnish; easeo = eheese 
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Before Yoii Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

5. What is the eriterion for elassifying a developing individiial 
as an embryo? What is the eriterion for elassifying it as a 
fetus? At vvhat gestational ages are these stages reaehed? 

6. In the blastoeyst, vvhat are the eells ealled that eventually 
give rise to the embryo? What are the eells that earry out 
implantation? 

7. Name and define the three prineipal proeesses that occur 
in the preembryonie stage. 

8. Name the three primary germ layers and explain hovv they 
develop in the embryonie dise. 

9. Distinguish betvveen trophoblastie and plaeental nutrition. 

10. State the functions of the plaeenta, amnion, ehorion, yolk 

sae, and allantois. 

11. Define and deseribe the neural tube, primitive gut, somites, 
and pharyngeal pouches. 



eiiníeal 

Perspeetives 


Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. discuss the frequency and some causes of early 
spontaneous abortion; 

b. discuss some types of birth defeets and major 
eategories of their causes; 

e. deseribe some syndromes that result from 
ehromosomal nondisjunction; and 

d. explain what teratogens are and deseribe some of their 
effeets. 


Expectant parents worry a great deal about the possibilities of 
misearriage or birth defeets. It is estimated that, indeed, more than 
half of all pregnaneies end in misearriage, often without the parents 
realizing that a pregnaney had even begun, and 2% to 3% of infants 
born in the United States have elinieally signifieant birth defeets. 


Spontaneous Abortion 

Most misearriages are early spontaneous abortions, occurring 
within 3 weeks of fertilization. Such abortions are easily mistaken 
for a late and unusually heavy menstmal period. One investigator 
estimated that 25% to 30% of blastoeysts fail to implant; 42% of 
implanted blastoeysts die by the end of the seeond week; and 16% 
of those that make it through 2 weeks are seriously abnormal and 
abort within the next week. Another study found that 61% of early 
spontaneous abortions were due to ehromosomal abnormalities. 


Even fetuses that spontaneously abort later in development 
show a signifieantly higher ineidenee of neural tube defeets, eleft 
lip, eleft palate, and ehromosomal abnormalities such as Down 
syndrome and Turner syndrome (deseribed shortly), by eomparison 
to newborns or fetuses of induced abortions. Spontaneous abortion 
may in faet be a natural meehanism for preventing the development 
of nonviable fetuses or the birth of severely deformed infants. 


Birth Defeets 

A birth defeet, or eongenital 28 anomaly, is the abnormal structure 
or position of an organ at birth, resulting from a defeet in prenatal 
development. The study of birth defeets is ealled teratology. 29 
Birth defeets are the single most eommon cause of infant mortality 
in North Ameriea. Not all of them are notieeable at birth; some are 
deteeted months to years later. Thus, by the age of 2 years, 6% of 
ehildren are diagnosed with eongenital anomalies, and by age 5, 
the ineidenee is 8%. The following seetions discuss some known 
causes of eongenital anomalies, but in 50% to 60% of eases, the 
cause is unknown. 

Mutagens and Genetie Anomalies 

Genetie anomalies are the most eommon known cause of birth defeets, 
accounting for an estimated one-third of all eases and 85% of those 
with an identifiable cause. One cause of genetie defeets is mutations, 
or ehanges in DNA structure. Among other disorders, mutations cause 
aehondroplastie dwarfism (see Deeper Insight 6.3, p. 143), miero- 
eephaly (abnormal smallness of the head), stillbirth, and ehildhood 
eaneer. Mutations ean occur through errors in DNA replieation during 
the eell eyele or under the influence of environmental agents ealled 
mutagens, including some ehemieals, vimses, and radiation. 

Some of the most eommon genetie disorders result not from 
mutagens, however, but from aneuploidy 30 (AN-you-ploy-dee), 
an abnormal number of ehromosomes in the zygote. Aneuploidy 
results from nondisjunction, a failure of one of the 23 pairs of 
ehromosomes to separate during meiosis, so that both members 
of the pair go to the same daughter eell. For example, suppose 
nondisjunction resulted in an egg with 24 ehromosomes instead of 
the normal 23. If this egg were fertilized by a normal sperm, the 
zygote would have 47 ehromosomes instead of the usual 46. 

Figure 4.12 eompares normal disjunction of the X ehromo- 
somes with some effeets of nondisjunction. In nondisjunction, 
an egg eell may reeeive both X ehromosomes. If it is fertilized 
by an X-bearing sperm, the result is an XXX zygote and a suite 
of defeets ealled the triplo-X syndrome. Triplo-X females are 
sometimes infertile and may have mild intellectual impairments. 
If an XX egg is fertilized by a Y-bearing sperm, the result is an 
XXY eombination, causing Klinefelter 31 syndrome. People with 
Klinefelter syndrome are sterile males, usually of average intel- 
ligenee, but with undeveloped testes, sparse body hair, unusually 
long arms and legs, and enlarged breasts (gyneeomastia 32 ). 


28 con — vvith; gen = born 

29 teroto = monster; logy = study of 

30 an = not; eu = good, normal; ploid = form 

31 Harry F. Klinefelter, Jr. (1912-90), Ameriean physieian 

32 gyneco = female; mast = breast; ia = eondition 
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Triplo-X syndrome 



Turner syndrome 


(a) Normal disjunction of X ehromosomes (b) Nondisjiinetion of X ehromosomes 


Figure 4.12 Disjunction and Nondisjunction. (a) The outcome of normal disjunction and fertilization by X- or Y-bearing sperm. (b) Two of the 
possible outcomes of nondisjunction followed by fertilization with an X-bearing sperm. 

• In the right holfofthe figure, whot would be the two outcomes ifthe sperm eorried o Y ehromosome insteod ofon X? 


This syndrome often goes undetected until puberty, when failure to 
develop seeondary sex eharaeteristies may prompt genetie testing. 

The other possible outcome of X ehromosome nondisjunction is 
that an egg eell may reeeive no X ehromosome (both X ehromosomes 
are disearded in the first polar body). If fertilized by a Y-bearing 
sperm, such an egg dies for laek of the indispensable genes on the 
X ehromosome. If it is fertilized by an X-bearing sperm, however, 


the seeondary sex eharaeteristies fail to develop. The ovaries are 
nearly absent, the girl remains sterile, and she usually has a short 
stature. 

The other 22 pairs of ehromosomes (the antosomes) are 
also subject to nondisjunction. Nondisjunction of ehromosomes 
13 and 18 results in Patau syndrome (trisomy-13) and Edward 
syndrome (trisomy-18), respeetively. Affeeted individuals have 


the result is a female with Turner 33 syndrome, with an XO three eopies of the respeetive ehromosome. Nearly all fetuses 
eombination (O represents the absenee of one sex ehromosome). 


Only 3% of fetuses with Turner syndrome survive to birth. Girls 
who survive show no serious impairments as ehildren, but tend 
to have a webbed neek and widely spaeed nipples. At puberty, 


with these trisomies die before birth. Live-born infants with these 
syndromes are severely deformed, and fewer than 5% survive 
for one year. The most eommon autosomal anomaly is Down 34 
syndrome (trisomy-21). Its signs (fig. 4.13) include retarded 


33 


Henry H. Turner (1892-1970), Ameriean endoerinologist 


34 John Langdon H. Down (1828-96), British physieian 
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Figure 4.13 Down Syndrome. (a) A ehild with Down syndrome (right) and her sister. (b) The karyotype (ehart of the ehromosomes arranged in 
pairs) seen in Down syndrome, showing the trisomy of ehromosome 21. (e) Characteristics of the hand seen in Down syndrome. (d) The epieanthal 
fold over the medial commissure (canthus) of the left eye. 

• Whot wos the sex ofthe person from whom the koryotype in port (b) wos obtoined? 


physieal development; short stature; a relatively flat faee with 
a flat nasal bridge; low-set ears; epieanthal folds at the median 
eorners of the eyes; an enlarged, protmding tongue; stubby fingers; 
and a short broad hand with only one palmar erease. People with 
Down syndrome tend to have outgoing, affeetionate personalities. 
Mental retardation is eommon and sometimes severe, but is not 
inevitable. Down syndrome occurs in about 1 out of 700 to 800 
live births in the IJnited States and inereases in proportion to 
the age of the mother. The ehanee of having a ehild with Down 
syndrome is about 1 in 3,000 for a woman under 30, 1 in 365 by 
age 35, and 1 in 9 by age 48. 

About 75% of the vietims of trisomy-21 die before birth, and 
about 20% die before the age of 10 years. Typieal causes of death 


include immune defieieney and abnormalities of the heart or kid- 
neys. For those who survive beyond 10 years, modern medieal eare 
has extended life expectancy to about 60. After the age of 40, how- 
ever, many of these people develop early-onset Alzheimer disease, 
linked to a gene on ehromosome 21. 

Teratogens 

Teratogens 35 are agents that cause anatomieal deformities in the 
fetus. They fall into three major elasses: dmgs and other ehemieals, 
radiation, and infectious diseases. The effeet of a teratogen depends 


35 terato = monster; ger? = producing 

























chapter four Human Development 


103 


on the genetie susceptibility of the embryo, the dosage of the 
teratogen, and the time of exposure. Teratogen exposure during the 
first 2 weeks usually does not cause birth defeets, but may cause 
spontaneous abortion. Teratogens ean exert destmetive effeets at 
any stage of development, but the period of greatest vulnerability 
is weeks 3 through 8. Different organs have different eritieal peri- 
ods. For example, limb abnormalities are most likely to result from 
teratogen exposure at 24 to 36 days, and brain abnormalities from 
exposure at 3 to 16 weeks. 

The most notorious teratogenie drug is thalidomide, a seda- 
tive first marketed in West Germany in 1957. Thalidomide was 
taken by women in early pregnaney, often before they knew 
they were pregnant. By the time it was removed from the world 
market in 1961, it had affeeted an estimated 10,000 to 20,000 
babies worldwide, many of them born with unformed arms or legs 
(fig. 4.14) and often with defeets of the ears, heart, and intestines. 
In some Third World countries, people today take thalidomide in a 
misguided attempt to treat AIDS, resulting in an upswing in severe 
birth defeets. Thalidomide has reeently been reintroduced, how- 
ever, for legitimate but more limited applieations under strietly 
eontrolled eonditions, such as for the treatment of leprosy. Many 
teratogens produce less obvious effeets, including physieal or 
mental retardation, hyperirritability, inattention, strokes, seizures, 
respiratory arrest, erib death, and eaneer. A general lesson to 
be learned from the thalidomide tragedy and other eases is that 
pregnant women should avoid all sedatives, barbiturates, and 
opiates. Even the aene medieine isotretinoin (Accutane) has 
caused severe birth defeets. 


■ 




Aleohol causes more birth defeets than any other terato- 
gen. Even one drink a day ean have adverse effeets on fetal and 
ehildhood development, some of which are not notieed until a 
ehild begins sehool. Aleohol abuse during pregnaney ean cause 
fetal aleohol syndrome (FAS), eharaeterized by a small head, 
malformed faeial features, eardiae and eentral nervous system 
defeets, stunted growth, and behavioral symptoms such as hyperae- 
tivity, nervousness, and a poor attention span. Cigarette smoking 
also contributes to fetal and infant mortality, eetopie pregnaney, 
aneneephaly (failure of the eerebmm to develop), eleft lip and 
palate, and eardiae abnormalities. 

The effeets of ionizing radiation on an embryo were tragieally 
demonstrated by the many grotesque birth defeets caused by 
the 1986 aeeident at the nuclear power plant at Chernobyl in 
the IJkraine. Even diagnostie medieal X-rays, however, ean be 
teratogenie and should be minimized or avoided during pregnaney. 


Apply What You Know 

Martha is shovving a sonogram of her iinborn baby to her 
eovvorkers. Her friend Betty tells her she shoiildn’t have 
sonograms made beeaiise X-rays ean cause birth defeets. Is 
Betty’s eoneern vvell founded? Explain. 


Infectious diseases are largely beyond the seope of this book, 
but it must be noted at least briefly that several mieroorganisms 
ean eross the plaeenta and cause serious eongenital anomalies, 
stillbirth, or neonatal death. Common viral infeetions of the 
fetus and newborn include herpes simplex, mbella, eytomega- 
lovims, and human immunodeficiency vims (HIV). Congenital 
baeterial infeetions include gonorrhea and syphilis. Toxoplasma, 
a protozoan eontraeted from meat, unpasteurized milk, and 
house eats, is another eommon cause of fetal deformity. Some 
of these pathogens have relatively mild effeets on adults, but 
because of its immature imimme system, the fetus is vulnerable 
to devastating effeets such as blindness, hydrocephalus, eerebral 
palsy, seizures, and profound physieal and mental retardation. 
infeetions of the fetus and newborn are treated in greater detail 
in mierobiology textbooks. 

Some eongenital anomalies and other developmental disorders 
are deseribed in table 4.6 and Deeper Insight 4.4. 


Before You Go On 

•—• —y- 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

12. In vvhat sense ean spontaneoiis abortion be eonsidered a 

proteetive meehanism? 

13. Whatisthedifferencebetween miitationand nondisjunction? 

14. Name and deseribe two birth defeets resulting from non- 

disjunction of autosomes and two from nondisjunction of 
sex ehromosomes. 

15. Name three distinetly different elasses of teratogens and 

give one example from eaeh elass. 


Figure 4.14 Sehoolboy Showing the Effeet of Thalidomide 

on Limb Development. 
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TABLE 4.6 Some Disorders of Human Development 


Aneneephaly Laek of a forebrain due to failure of the eranial roof to form, leaving the forebrain exposed. The exposed tissue dies, and 

the fetus is born (or stillborn) with only a brainstem. Live-born aneneephalie infants are very short-lived. 

Cleft lip and palate Failure of the right and left sides of the lip or palate to fuse medially, resulting in a fissure eonneeting the oral and nasal eavities, 

abnormal faeial appearanee, defeetive speeeh, and diffìculty suckling. Can be surgically eorreeted with good eosmetie results. 


Clubfoot (talipes) Deformity of the foot involving an ankle bone, the talus. The sole of the foot is eommonly turned medially, and as a ehild 

grows, he or she may walk on the ankles rather than on the soles. Can be eorreeted to some extent with easts, braees, 
orthopedie shoes, surgery, and other methods to give near-normal appearanee and walking. 

Cri du ehat 36 A eongenital anomaly due to deletion of a portion of ehromosome 5. Infants with eri du ehat have mieroeephaly, 

eongenital heart disease, profound mental retardation, and a weak eatlike ery. 


Hydrocephalus Abnormal accumulation of eerebrospinal fluid in the brain. When it occurs in the fetus, the eranial bones separate, the head 

beeomes abnormally large, and the faee looks disproportionately small. May reduce the eerebmm to a thin shell of nervous 
tissue. Fatal for about half of patients but ean be treated by inserting a shunt that drains fluid from the brain to a vein in the neek. 


Meromelia 


Partial absenee of limbs (as in fig. 4.14), such as the laek of some digits, a hand, or a forearm. Complete absenee of a limb is omelio. 


Disorders Deseribed Elsewhere 


Abruptio plaeentae 95 
Aehondroplastie dwarfism 143 
Birthmarks 116 
Cerebral palsy 104 

Congenital defeets of the kidney 698 
Cryptorchidism 715, 732 
Dextrocardia 6 
Down syndrome 101 
Eetopie pregnaney 89 


Edward syndrome 101 
Fetal aleohol syndrome 103 
Hypospadias 715, 732 
Klinefelter syndrome 100 
Osteogenesis imperfeeta 64 
Patau syndrome 101 
Patent ductus arteriosus 559 
Plaeenta previa 95 


Premature birth 648 
Respiratory distress syndrome 648 
Situs inversus 6 
Situs perversus 6 
Spina bifida 367 
Spontaneous abortion 100, 734 
Triplo-X syndrome 100 
Turner syndrome 101 


DEEPER INSIGHT 



Cerebral Palsy 

Cerebral palsy 37 (CP) is a eolleetive term for a group of movement 
disorders that are present from infaney and result from brain dam- 
age occurring before, during, or shortly after birth. It affeets about 
500,000 ehildren in the LJnited States alone, with about 10,000 
new eases per year. 

Its causes include fetal infeetions or radiation exposure, 
umbilical or plaeental blood elots, birth trauma, maternal anes- 
thesia during birth, and oxygen deprivation of the brain before 
or during birth. CP ean also result from ineidents in infaney and 
early ehildhood, up to about age 3: lead poisoning and other 
environmental toxins, infeetions such as eneephalitis and menin- 
gitis, asphyxia from near-drowning or ehoking on foreign objeets, 
or physieal abuse (shaken baby syndrome). It is more eommon in 
multiple and premature births and babies of low birth weight than 
in full-term, solitary infants of normal weight. 

CP may involve damage to the motor eontrol eenters of the 
eerebmm or to various pathways that eonneet the cerebrum to the 
cerebellum, basal nuclei, and other brain regions involved in motor 
eontrol (deseribed in ehapter 15). It is often assoeiated with other 
neurological dysfunctions including epilepsy and blindness. CP 


has no speeifie relationship to intelligenee; although about 31% of 
CP vietims exhibit intellectual disadvantages, this may stem not 
just from brain injury but from the way these ehildren are treated 
by people who underestimate their abilities or openly moek them. 

Of the various forms of CP, the most eommon (65% to 75%) 
is spostie eerebrolpolsy, eharaeterized bytense, rigid muscles 
and uncontrollable contractures. The vietim has difficulty 
initiating desired muscle movements as well as suppressing 
unwanted ones. These make movement and speeeh slow 
and difficult, and the speeeh difficulties ean adversely affeet 
ehildhood intellectual and soeial development. 

Cerebral palsy is incurable but nonprogressive—that is, there is 
no worsening of brain damage over time. Its signs and symptoms 
ean ehange, however, as a ehild matures. It is managed by a very 
multifaceted approaeh aimed at minimizing the person’s limitations, 
learning to eompensate for them, and aehieving the fullest possible 
independent life. Management may include braees or walkers to aid 
in loeomotion; medieal eontrol of seizures and muscle spasms; mus- 
culoskeletal surgery; physieal, occupational, and speeeh therapy; 
and psyehologieal supportfor ehildhood soeial development. 


36 cri du ehot = ery of the eat (Freneh) 
37 palsy= paralysis 
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Assess Your Learning Outcomes 


To test your knowledge, discuss thefollowing 
topies with a study partner or in writing, 
ideally from memory. 

4.1 Gametogenesis and Fertilization (p. 85) 

1. The meaning of gametes and gametogenesis 

2. How gametes differ from the body’s other 
eells in ehromosome number, why this is a 
neeessity of sexual reproduction, and what 
type of eell division produces this ehange 
in ehromosome number 

3. How the products of spermatogenesis dif- 
fer from the products of oogenesis 

4. The time required for an egg to travel to 
the uterus, the time limit on fertilization, 
and what this implies for sperm migration 

5. The purpose and proeess of sperm 
eapaeitation 

6. The fertilization proeess, and the reason 
that many sperm must eollaborate so that 
one of them ean fertilize the egg 

7. The egg’s meehanisms for preventing poly- 
spermy, and why this is important 

8. Events involving the sperm and egg nuclei 
and ehromosomes immediately after sperm 
penetration 

4.2 Stages of Prenatal Development (p. 87) 

1. The duration of pregnaney and how the 
date of ehildbirth is predieted 

2. The eomponents of the conceptus 

3. The three trimesters of pregnaney and the 
developmental milestones of eaeh 

4. The preembryonie, embryonie, and fetal 
stages of development; the developmental 
milestones that define them; and the time- 
table of these transitions 

5. The three major events of the preembry- 
onie stage; the developmental age (in days) 
at which this stage is concluded; and the 
product of this stage 

6. The proeess of eleavage; the appearanee of 
the mornla and blastoeyst; and the two eell 


masses of the blastoeyst and their respee- 
tive fates 

7. The proeess of implantation, and the ori- 
gins and respeetive roles of the syneytio- 
trophoblast and eytotrophoblast 

8. The proeess of embryogenesis, and the 
names of the eell layers and extraembry- 
onie membranes that result from it 

9. The age at which the developing individual 
is eonsidered an embryo; its size at that 
time; and what anatomieal feature defines 
it as an embryo 

10. The major ehanges that occur during the 
embryonie stage of development 

11. How embryonie folding eonverts the flat 
embryonie dise into a eylindrieal and 
C-shaped form, and how it gives rise to the 
primitive gut 

12. How the eoelom forms, how it divides into 
the peritoneal and thoraeie eavities, and 
what eavities arise by further division of 
the thoraeie eavity 

13. The meaning of organogenesis, and some 
tissues and organs that arise from eaeh 
of the three primary germ layers of the 
embryo 

14. The proeess of neurulation, including the 
progression from neural plate, to neural 
groove and folds, to neural tube 

15. The origin, loeation, and fate of the neural 
erests 

16. The loeation and fate of the pharyngeal 
pouches 

17. The loeation, three subdivisions, and fate 
of the myotomes 

18. The early appearanees of the head, heart, 
and limbs 

19. The appearanees, relative loeations, and 
functions of the four extraembryonic 
membranes—amnion, yolk sae, allantois, 
and ehorion—and functions of the amni- 
otie fluid 

20. The three modes in which the conceptus 
is nourished from the time of its migration 


down the uterine tube to the time of birth; 
the timetable and overlap between tropho- 
blastie and plaeental nutrition 

21. The development and mature structure of 
the plaeenta; the fetal and maternal eom- 
ponents of the plaeenta; and how nutrients, 
wastes, hormones, and other materials are 
exchanged through the plaeenta while pre- 
venting the mixing of maternal and fetal 
blood 

22. The relationship of the plaeenta to the 
umbilical eord and its three blood vessels 

23. The various functions of the plaeenta, 
including but not limited to fetal nutrition 
and waste removal 

24. The time at which the individual is eonsid- 
ered to be a fetus, and what distinguishes a 
fetus from an embryo 

25. Major events that occur from the begin- 
ning of the fetal stage to the time of birth 

4.3 Oinieal Perspeetives (p. 100) 

1. The ineidenee and eommon causes of early 
spontaneous abortion 

2. The definitions of teratology and eongeni- 
tal anomaly, and examples of eongenital 
anomalies that are not evident until months 
to years after birth 

3. The distinetion between mutation and 
aneuploidy as genetie causes of birth 
defeets, and examples of birth defeets 
resulting from eaeh of these 

4. The meaning of nondisjunction, and some 
types of aneuploidy that result from it 

5. The cause and eharaeteristies of Down 
syndrome (trisomy-21) 

6. The meaning of teratogens; the three eom- 
mon eategories of teratogens; and exam- 
ples of teratogenie effeets in eaeh eategory 

7. The cause and eharaeteristies of fetal aleo- 
hol syndrome 


Testing Your Reeall 


1. When a conceptus arrives in the uterus, it 
is at what stage of development? 

a. zygote 

b. mornla 

e. blastomere 

d. blastoeyst 

e. embryo 


2. The entry of a sperm nucleus into an egg 
must be preeeded by 

a. the eortieal reaetion. 

b. the aerosomal reaetion. 
e. the fast bloek. 

d. implantation. 

e. eleavage. 


3. The primitive gut develops as a result of 

a. gastmlation. 

b. eleavage. 

e. embryogenesis. 

d. embryonie folding. 

e. aneuploidy. 
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4. Chorionic villi develop from 

a. the zona pelliieida. 

b. the endometrium. 

e. the syneytiotrophoblast. 

d. the embryoblast. 

e. the epiblast. 

5. Which of these results from aneuploidy? 

a. Turner syndrome 

b. fetal aleohol syndrome 
e. nondisjunction 

d. rmitation 

e. mbella 

6. Fetal urine accumulates in the_and 

contributes to the fluid there. 

a. plaeental sinus 

b. yolk sae 
e. allantois 

d. ehorion 

e. amnion 

7. A preembryo has 

a. a neural tube. 

b. aheartbulge. 

e. a eytotrophoblast. 

d. a eoelom. 

e. decidual eells. 


8. The feature that distinguishes a fetus from 
an embryo is that the fetus has 

a. all of the organ systems. 

b. three germ layers. 
e. a plaeenta. 

d. an amnion. 

e. arm and leg buds. 

9. The first blood and future egg and sperm 
eells eome from 

a. the mesoderm. 

b. the hypoblast. 

e. the syneytiotrophoblast. 

d. the plaeenta. 

e. the yolk sae. 

10. For the first 8 weeks of gestation, a eon- 
ceptus is nourished mainly by 

a. the plaeenta. 

b. amniotie fluid. 
e. eolostmm. 

d. decidual eells. 

e. yolk eytoplasm. 

11. Vimses and ehemieals that cause eongenital 

anatomieal deformities are ealled_. 

12. Aneuploidy is caused by_, the faihire 

of a pair of ehromosomes to separate in 
meiosis. 


13. The brain and spinal eord develop from a 
longitudinal eetodermal ehannel ealled the 

_ • 

14. Attaehment of the conceptus to the uterine 

wall is ealled_. 

15. Fetal blood flows through growths ealled 

_, which projeet into the plaeental 

sinus. 

16. The enzymes with which a sperm pene- 

trates an egg are eontained in an organelle 
ealled the_. 

17. Fertilization occurs in a part of the female 

reproductive traet ealled the_. 

18. Bone, muscle, and dermis arise from 

segments of mesoderm ealled_. 

19. The egg eell has fast and slow bloeks to 

_, or fertilization by more than one 

sperm. 

20. A developing individual is first elassified 

as a/an_when the three primary 

germ layers have formed. 

Answers in appendix A 


Building Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 

3. zygo- 

following word elements, and give a term in 

4. tropho- 

which it is used. 

5. eephalo- 


6. gyneeo- 

1. haplo- 

7. -genesis 

2. gameto- 

8. syn- 


9. meso- 
10. terato- 


Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. Freshly ejaculated sperm are more eapable 
of fertilizing an egg than are sperm several 
hours old. 

2. Fertilization normally occurs in the uterus. 

3. An egg is usually fertilized by the first 
sperm that eontaets it. 

4. By the time a conceptus reaehes the uterus, 
it has already undergone several eell divi- 
sions and eonsists of 16 eells or more. 


5. The individual is first eonsidered a fetus 
when all of the organ systems are present. 

6. The plaeenta beeomes inereasingly perme- 
able as it develops. 

7. During eleavage, the preembryo acquires 
a greater number of eells but does not 
inerease in size. 

8. In oogenesis, a germ eell divides into four 
equal-sized egg eells. 


9. The stage of the conceptus that implants in 
the uterine wall is the blastoeyst. 

10. The energy for sperm motility eomes from 
its aerosome. 

Answers in appendix A 
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Testing Your Comprehension 

1. Only one sperm is needed to fertilize an 
egg, yet a man who ejaculates fewer than 
10 million sperm is usually infertile. 
Explain this apparent eontradietion. Sup- 
posing 10 million sperm were ejaculated, 
prediet how many would eome within 
elose range of the egg. How likely is it that 
any one of these sperm would fertilize it? 

2. What is the differenee between embryol- 
ogy and teratology? 


3. At what point in the time line of table 4.4 
do you think thalidomide exerts its terato- 
genie effeet? Explain your reasoning. 

4. A teratologist is studying the eytology of 
a fetus that aborted spontaneously at 12 
weeks. She concludes that the fetus was 
triploid. What do you think this term 
means? How many ehromosomes do you 
think she found in eaeh of the fetus’s 
eells? To produce this state, what normal 


proeess of human development apparently 
failed? 

5. A young woman finds out she is about 
4 weeks pregnant. She tells her doetor 
that she drank heavily at a party 3 weeks 
earlier, and she is worried about the pos- 
sible effeets of this on her baby. If you 
were the doetor, would you tell her that 
there is serious cause for eoneern? Why 
or why not? 



A human hair emerging from its folliele (SEM) 
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T he first organ system we deal with in this book is also the 

most visible one—the integumentory system, eomposed 
of the skin and its glands, hair, and nails. People pay more 
attention to this organ system than to any other. Being so vis- 
ible, its appearanee strongly affeets our soeial interaetions. Few 
people venture out of the house without first looking in a mirror 
to see if their skin and hair are presentable. In the Llnited States 
alone, we spend billions of dollars annually on skin- and hair- 
eare products and eosmeties. A health-eare praetitioner must not 
dismiss this as mere vanity, for a positive self-image is important 
to the attitudes that promote overall health. Care of the integu- 
mentary system must be eonsidered as an important part of total 
patient eare. 

The appearanee of the skin, hair, and nails is a matter of 
more than estheties—their inspeetion is a signifieant part of a 
physieal examination. They ean provide clues not only to their 
own health, but also to deeper disorders such as liver ean- 
eer, anemia, kidney disease, and heart failure. The skin also 
is the most vulnerable of our organs, exposed to radiation, 
trauma, infeetion, and injurious ehemieals. Consequently, it 
needs and reeeives more medieal attention than any other 
organ system. 



The Skin and 

Subcutaneous Tissue 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. list the functions of the skin and relate them to its 
structure; 

b. deseribe the histologieal structure of the epidermis, 
dermis, and subcutaneous tissue; 

e. deseribe the normal and pathologieal eolors that the 
skin ean have and explain their causes; and 

d. deseribe the eommon markings of the skin. 


The skin, hair, nails, and cutaneous glands (sweat glands and oth- 
ers) constitute the integmnentary 1 system; the skin alone is ealled 
the integument. The treatment of this system is a braneh of medi- 
eine ealled dermatology. 2 

The skin is the body’s largest and heaviest organ. In adults, it 
eovers an area of 1.5 to 2.0 m 2 and accounts for about 15% of the 
body weight. It eonsists of two layers: a stratified squamous epi- 
thelium ealled the epidermis and a deeper eonneetive tissue layer 
ealled the dermis (fig. 5.1). Below the dermis is another eonneetive 
tissue layer, the hypodermis, which is not part of the skin but is 
customarily studied in conjunction with it. 

Most of the skin is 1 to 2 mm thiek, but it ranges from less than 
0.5 mm on the eyelids to 6 mm between the shoulder blades. The 
differenee is due mainly to variation in the thiekness of the dermis, 


] integument = eovering 

2 dermot = skin; logy = study of 


although skin is elassified as thiek or thin based on the relative 
thiekness of the epidermis alone. Thiek skin eovers the palms, 
soles, and eorresponding surfaces of the fingers and toes. Its epi- 
dermis alone is about 0.5 mm thiek, due to a very thiek surface 
layer of dead eells ealled the stratum corneum. This layer serves 
to resist the pressure and frietion to which the palms and soles 
are espeeially subjected. Thiek skin has sweat glands but no hair 
follieles or sebaceous (oil) glands. The rest of the body is eovered 
with thin skin, which has an epidermis about 0.1 mm thiek, with 
a thin stratum corneum. It possesses hair, sebaceous glands, and 
sweat glands. 


Functions of the Skin 


It has a variety 

of important functions that go well beyond appearanee, as we will 
see here. 


The skin is much more than a eontainer for the body 


1. Resistanee to trarnna and infeetion. The skin bears the 
bmnt of most physieal injuries to the body, but it resists 
and reeovers from trauma better than other organs do. The 
epidermal eells are paeked with the tough protein keratin 
and linked by strong desmosomes that give the epithelium 
its durability. Few infectious organisms ean penetrate the 
intaet skin. Baeteria and fungi eolonize the surface, but 
their numbers are kept in eheek by its relative dryness and 
slight aeidity (pH 4-6). Its proteetive aeidie film, ealled the 
aeid mantle , also eontains antimierobial ehemieals ealled 
dermeidin and defensins. Immune eells ealled dendritie eells 
in the epidermis stand guard against pathogens that do breaeh 
the surface. 


2. Water retention. The skin is a barrier to water. It prevents the 
body from absorbing excess water when you are swimming or 
bathing, but even more importantly, it prevents the body from 
losing excess water. 


3. Vitamin D synthesis. The skin earries out the first step in the 
synthesis of vitamin D, which is needed for bone development 
and maintenanee. The liver and kidneys eomplete the proeess. 


4. Sensation. The skin is our most extensive sense organ. It is 
equipped with a variety of nerve endings that reaet to heat, 
eold, touch, texture, pressure, vibration, and tissue injury (see 
ehapter 17). These sensory reeeptors are espeeially abundant 
on the faee, palms, fingers, soles, nipples, and genitals. There 
are relatively few on the baek and in skin overlying joints 
such as the knees and elbows. 


5. Thermoregulation. Cutaneous nerve endings ealled 
thermoreeeptors monitor the body surface temperature. 

In response to ehilling, we ean better retain body heat 
by eonstrieting blood vessels of the dermis ( cutaneous 
vasoeonstrietion ), keeping warm blood deeper in the body, 
not so elose to the skin surface. In response to overheating, 
we ean lose excess heat by dilating the dermal blood vessels 
(cutaneous vasodilation), allowing more blood to flow 
elose to the surface and lose heat through the skin. If this is 
insufficient to restore normal temperature, the sweat glands 
seerete perspiration. The evaporation of sweat ean have a 
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Figure 5.1 Structure of the Skin and Subcutaneous Tissue. 

The epidermis is peeled up at the upper left eorner to show the 
dermal-epidermal boundary. 
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Dermis 
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powerful eooling effeet. Thus, the skin plays key roles in both 
warming and eooling the body. 

6. Nonverbal communication. The skin is an important means 
of eomrmmieation. Humans, like other primates, have much 
more expressive faees than most mammals. Complex skeletal 
muscles insert on dermal eollagen fibers and move the skin to 
ereate subtle and varied faeial expressions (fig. 5.2). 



(a) (b) 


Figure 5.2 importanee of the Skin in Nonverbal Expression. 

Primates differ from other mammals in having very expressive faees 
due to faeial muscles that insert on eollagen fibers of the dermis and 
move the skin. 


The Epidermis 

The epidermis 3 is a keratinized stratified squamous epithelium, 
as discussed in ehapter 3. That is, its surface eonsists of dead eells 
paeked with keratin. Like other epithelia, it laeks blood vessels 
and depends on the diffusion of nutrients from the underlying eon- 
neetive tissue. It has sparse nerve endings for touch and pain, but 
most sensations of the skin are due to nerve endings in the dermis. 


Cells of the Epidermis 

The epidermis is eomposed of five types of eells (fig. 5.3): 


1 . Stem eells are undifferentiated eells that divide and produce 
the keratinoeytes deseribed next. They are found only in the 
deepest layer of the epidermis, ealled the stratum basale. 


2. Keratinoeytes (keh-RAT-ih-no-sites) are the great majority 
of epidermal eells. They are named for their role in 
synthesizing keratin. In ordinary histologieal speeimens, 
nearly all visible epidermal eells are keratinoeytes. 


3 . Melanoeytes also occur only in the stratum basale, amid the 
stem eells and deepest keratinoeytes. They synthesize the brown 
to blaek pigment melanin. They have long branehing proeesses 
that spread among the keratinoeytes and continually shed 
melanin-eontaining fragments from their tips. The keratinoeytes 
phagoeytize these fragments and accumulate melanin granules 
on the “sunny side’’ of the nucleus. Like a parasol, the pigment 


3 ep/ = above, upon; derm = skin 
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Stratiim corneum —T 
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Figure 5.3 Strata and Cell Types of the Epidermis. |AP| R j 


shields the DNA from ultraviolet radiation. Melanoeytes are 
discussed later in relation to ethnie differenees in skin eolor. 


4. Taetile (Merkel 4 ) eells, relatively few in number, are 

reeeptors for touch. They, too, are found in the basal layer of 
the epidermis and are assoeiated with an underlying dermal 
nerve fiber. The taetile eell and its nerve fiber are eolleetively 
ealled a taetile (Merkel) dise. 


5 . Dendritie 5 6 (Langerhans 0 ) eells are found in two layers of the 
epidermis ealled the stratum spinosum and stratum granulosum 
(deseribed in the next seetion). They are immune eells that 
originate in the bone marrow and migrate to the epidermis and 
epithelia of the oral eavity, esophagus, and vagina. The epidermis 
has as many as 800 dendritie eells per square millimeter. They 
stand guard against toxins, mierobes, and other pathogens that 
penetrate into the skin. When they deteet such invaders, they 
earry fragments of the foreign matter to the lymph nodes and 
alert the immune system so the body ean defend itself. 


6 


Layers of the Epidermis 

Cells of the epidermis are usually arranged in four to five zones, 
or strata (five in thiek skin), shown in figure 5.3. The following 
deseription progresses from deep to superficial, and from the 
youngest to the oldest keratinoeytes. 

1. The stratiim basale (bah-SAY-lee) eonsists mainly of a single 
layer of cuboidal to low columnar stem eells and keratinoeytes 


4 F. S. Merkel (1845-1919), German anatomist 

b dendr = tree, braneh 

6 Paul Langerhans (1847-88), German anatomist 


resting on the basement membrane. Seattered among these are 
the melanoeytes, taetile eells, and stem eells. As the stem eells 
divide, they give rise to keratinoeytes that migrate toward the 
skin surface and replaee lost epidermal eells. The life history of 
these eells is deseribed in the next seetion. 


2. The stratiim spinosum (spy-NO-sum) eonsists of several 
layers of keratinoeytes; in most plaees, this is the thiekest 
stratum, but on the palms and soles it is usually exceeded 
by the stratum corneum. The deepest eells of the stratum 
spinosum remain eapable of mitosis, but as they are pushed 
farther upward, they eease dividing. Instead, they produce 
more and more keratin filaments, which cause the eells to 
flatten. Therefore, the higher up you look in the stratum 
spinosum, the flatter the eells appear. Dendritie eells are also 
found throughout the stratum spinosum, but are not usually 
visible in tissue seetions. 

The stratum spinosum is named for an artifieial 
appearanee (artifaet) ereated by the histologieal fixation of 
tissue speeimens. Keratinoeytes are firmly attaehed to eaeh 
other by numerous desmosomes, which partly account for the 
toughness of the epidermis. Histologieal fixatives shrink the 
keratinoeytes, so they pull away from eaeh other; however, 
they remain attaehed by the desmosomes—like two people 
holding hands while they step farther apart. The desmosomes 
thus ereate bridges from eell to eell, giving eaeh eell a spiny 
appearanee from which we derive the word spinosum. 


3. The stratiim granulosum eonsists of three to five layers of 
flat keratinoeytes—more in thiek skin than in thin skin—and 
some dendritie eells. The keratinoeytes of this layer eontain 
eoarse, dark-staining keratohyalin granules that give the layer 
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its name. The functional signifieanee of these granules will be 
explained shortly. 

4. The stratiim lucidum 7 (LOO-sih-dum) is a thin transhieent 
zone seen only in thiek skin. Here, the keratinoeytes are 
densely paeked with a elear protein named eleidin (ee-LEE- 
ih-din). The eells have no nuclei or other organelles. Because 
organelles are absent and eleidin does not stain well, this 
zone has a pale, featureless appearanee with indistinet eell 
boundaries. 

5. The stratum corneum eonsists of up to 30 layers of dead, 
sealy, keratinized eells that form a durable surface layer. It is 
espeeially resistant to abrasion, penetration, and water loss. 


The Life History of a Keratinoeyte 

Dead eells eonstantly flake off the skin surface. They float around as 
tiny white speeks in the air, settling on household surfaces and form- 
ing much of the dust that accumulates there. Because we eonstantly 
lose these epidermal eells, they must be continually replaeed. 

Keratinoeytes are produced deep in the epidermis by the mitosis 
of stem eells in the stratum basale. Some of the deepest keratinoeytes 
in the stratum spinosum also remain mitotie and thus inerease their 
number. Mitosis requires an abundant supply of oxygen and nutri- 
ents, which these deep eells acquire from the blood vessels in the 
nearby dermis. Onee the epidermal eells migrate more than two or 
three eells away from the dermis, their mitosis eeases. Mitosis is sel- 
dom seen in prepared slides of the skin, because it occurs mainly at 
night whereas most histologieal speeimens are taken during the day. 

As new keratinoeytes are formed, they push the older ones 
upward. In 30 to 40 days, a keratinoeyte makes its way to the skin 
surface and flakes off. This migration is slower in old age and 
faster in skin that has been injured or stressed. Injured epider- 
mis regenerates more rapidly than any other tissue in the body. 
Meehanieal stress from manual labor or tight shoes aeeelerates 
keratinoeyte multiplication and results in calluses or eorns, thiek 
accumulations of dead keratinoeytes on the hands or feet. 

As keratinoeytes are shoved upward by the dividing eells 
below, they flatten and produce more keratin filaments and lipid- 
filled membrane-eoating vesieles. In the stratum granulosum, four 
important developments occur: (1) The keratohyalin granules release 
a protein eaìled filaggrin, which binds the eytoskeletal keratin fila- 
ments together into eoarse, tough bundles. (2) The eells produce a 
tough layer of envelope proteins just beneath the plasma membrane, 
resulting in a nearly indestmetible protein sae around the keratin 
bundles. (3) The membrane-eoating vesieles release a lipid mixture 
that spreads out over the eell surface and waterproofs it. (4) Finally, 
as these barriers cut the keratinoeytes off from the supply of nutri- 
ents from below, their nuclei and other organelles degenerate and the 
eells die, leaving just the tough waterproof sae of keratin. 

The foregoing proeesses result in an epidermal water barrier 
between the stratum granulosum and the stratum spinosum. This 
barrier is emeial to retaining water in the body and preventing 
dehydration. Cells above the barrier quickly die, ereating a stratum 


corneum eomposed of eompaet layers of dead keratinoeytes and 
eell fragments. Dead keratinoeytes exfoliate (flake off) from the 
epidermal surface as tiny speeks ealled dander. Dandmff is eom- 
posed of elrnnps of dander stuck together by sebum (oil). 

A curious effeet of the epidermal water barrier is the way our 
skin wrinkles when we linger in the bath or a lake. The keratin of the 
stratum corneum absorbs water and swells, but the deeper layers of 
the skin do not. The thiekening of the stratum corneum forees it to 
wrinkle. This is espeeially conspicuous on the tips of the fingers and 
toes ( U prune fingers”) because they have such a thiek stratum eor- 
neum and they laek the sebaceous glands that produce water-resistant 
oil elsewhere on the body. There may be more to the story than this, 
however, because the wrinkles do not form when the nerves to the fin- 
gers are severed, indieating some role for the nervous system. It has 
reeently been hypothesized that this buckling of the skin may serve 
a function similar to the tread on a ear tire, improving our grip by 
ehanneling water away when we press our fingertips to wet surfaces. 

The Dermis 

Beneath the epidermis is a eonneetive tissue layer, the dermis. It 
ranges from 0.2 mm thiek in the eyelids to about 4 mm thiek in 
the palms and soles. It is eomposed mainly of eollagen, but also 
eontains elastie and reticular fibers, fibroblasts, and the other eells 
typieal of fibrous eonneetive tissue (deseribed in ehapter 3). It is 
well supplied with blood vessels, cutaneous glands, and nerve end- 
ings. The hair follieles and nail roots are embedded in the dermis. 
The dermis eontains smooth muscles in assoeiation with the hair 
follieles, as deseribed later. In the faee, skeletal muscles attaeh to 
dermal eollagen fibers and produce such expressions as a smile, a 
wrinkle of the forehead, or the lifting of an eyebrow. 

The boundary between the epidermis and dermis is histologi- 
eally conspicuous and usually wavy (see fig. 5.1). The upward 
waves are fingerlike extensions of the dermis ealled dermal papil- 
lae, 8 and the downward waves are extensions of the epidermis 
ealled epidermal ridges. The dermal and epidermal boundar- 
ies thus interloek like eormgated eardboard, an arrangement that 
resists slippage of the epidermis aeross the dermis. If you look 
elosely at your hand and wrist, you will see delieate furrows that 
divide the skin into tiny rectangular to rhomboidal areas. The der- 
mal papillae produce the raised areas between the furrows. On the 
fingertips, this wavy boundary forms th efrietion ridges discussed 
on page 116. In highly sensitive areas such as the lips and genitals, 
exceptionally tall dermal papillae allow nerve fibers and blood 
eapillaries to eome eloser to the skin surface. This imparts a redder 
eolor and more sensitivity to touch in such areas. 


Apply What You Know 

Dermal papillae are relatively high and numerous in palmar 
and plantar skin but low and few in number in the faee and 
abdomen. What do you think is the functional signifieanee of 
this differenee? 


7 lucid = light, elear 


8 pop = nipple; illo = little 
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Tension Lines and Surgery 

The eollagen bundles in the dermis are arranged mostly in par- 
allel rows that run longitudinally to obliquely in the limbs, but 
eneirele the neek, trunk, wrists, and a few other areas. They keep 
the skin under eonstant tension and are thus ealled tension lines 
(Longer 9 lines). If an ineision is made in the skin, espeeially if it 
is perpendicular to the tension lines, the wound gapes because 
the eollagen bundles pull the edges of the ineision apart. Even 
if the skin is punctured with a circular objeet such as an iee piek, 
the wound gapes with a lemon-shaped opening, the direetion of 
the wound axis being perpendicular to the tension lines. Such 
gaping wounds are relatively difficult to elose and tend to heal 
with excessive searring. Surgeons make ineisions parallel to the 
tension lines—for example, making a transverse ineision when 
delivering a baby by eesarean seetion—so that the ineisions will 
gape less and heal with less searring. 


There are two zones of dermis ealled the papillary and reticular 
layers (fig. 5.4). The papillary (PAP-ih-lerr-ee) layer is a thin zone 
of areolar tissue in and near the dermal papillae. It is espeeially 
rieh in small blood vessels. The loosely organized tissue of the 


papillary layer allows for mobility of leukocytes and other defenses 
against organisms introduced through breaks in the epidermis. 

The reticular 10 layer of the dermis is deeper and much thieker. 
It eonsists of dense irregular eonneetive tissue. Leather is eomposed 
of the reticular layer of animal skin, attesting to the toughness of 
this tissue. The boundary between the papillary and reticular lay- 
ers is often vague. In the reticular layer, the eollagen forms thieker 
bundles with less room for ground substance, and there are often 
small clusters of adipoeytes. Stretehing of the skin in obesity and 
pregnaney ean tear the eollagen fibers and produce striae (STRY- 
ee), or streteh marks. These occur espeeially in areas most stretehed 
by weight gain: the thighs, buttocks, abdomen, and breasts. 

The Hypodermis 

Beneath the skin is a layer ealled the hypodermis 11 (subcutaneous 
tissue). The boundary between the dermis and hypodermis is indis- 
tinet, but the hypodermis generally has more areolar and adipose 
tissue. It pads the body and binds the skin to the underlying tissues. 
Drugs are introduced here by hypodermie injeetion because the 
subcutaneous tissue is highly vascular and absorbs them quickly. 

Subcutaneous fat is hypodermis eomposed predominantly 
of adipose tissue. It serves as an energy reservoir and thermal 


9 Karl Langer (1819-87), Austrian physieian 


10 ref/ = network; cul = little 
^hypo = below; derm = skin 



Figure 5.4 TheDermis. (a) Light mierograph of axillary skin, 

with the eollagen stained blue. (b) The papillary layer, made of loose 
(areolar) tissue, forms the dermal papillae. (e) The reticular layer, made 
of dense irregular eonneetive tissue, forms the deeper four-fifths of the 
dermis. APIR 


(e) Retieiilar layer of dermis 


© Susumu Nishinaga/Seienee Source © Hossler, Ph.D. Custom Medieal Stoek Photo/Newscom 
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insulation. It is not uniformly distributed; for example, it is virtually 
absent from the sealp but relatively abundant in the breasts, 
abdomen, hips, and thighs. The subcutaneous fat is usually about 
50% of one’s total body fat. It averages about 8% thieker in women 
than in men, and varies with age. Infants and elderly people have 
less subcutaneous fat than other people and are therefore more 
sensitive to eold. 

Table 5.1 summarizes the layers of the skin and hypodermis. 


Skin Color 

The most signifieant faetor in skin eolor is melanin, which is 
produced by melanoeytes but accumulates in the keratinoeytes 
of the stratum basale and the stratum spinosum (fig. 5.5). There 
are two forms of melanin—a brownish blaek eumelanin 12 and a 
reddish yellow sulfur-containing pigment, pheomelanin. 13 People 
of different skin eolors have essentially the same number of 
melanoeytes, but in dark-skinned people, the melanoeytes produce 
greater quantities of melanin, the melanin granules are more spread 
out than tightly clumped, and the melanin breaks down more 
slowly. Thus, melanized eells may be seen throughout the epi- 
dermis, from stratum basale to stratum corneum. In light-skinned 
people, the melanin is ehimped near the keratinoeyte nucleus, so it 
imparts less eolor to the eells. It also breaks down more rapidly, so 
little of it is seen beyond the stratum basale, if even there. 

Skin eolor also varies with exposure to the ultraviolet (UV) 
rays of sunlight, which stimulate melanin synthesis and darken the 
skin. A suntan fades as melanin is degraded in older keratinoeytes 


12 

13 


eu = true; melan = blaek 
pheo = dusky; melan = blaek 



TABLE 5.1 

Stratifieation of the Skin 
and Hypodermis 

Layer 

Deseription 

Epidermis 

Keratinized stratified squamous epithelium 

Stratum 

corneum 

Dead, keratinized eells of the skin surface 

Stratum 

Clear, featureless, narrow zone seen only in thiek 

lucidum 

skin 

Stratum 

Two to five layers of eells with dark-staining 

granulosum 

keratohyalin granules; seanty in thin skin 

Stratum 

Many layers of keratinoeytes, typieally shmnken 

spinosum 

in fixed tissues but attaehed to eaeh other by 
desmosomes, which give them a spiny look; 
progressively flattened the farther they are from the 
dermis. Dendritie eells are abundant here but are 
notdistinguishable in routinely stained preparations. 

Stratum 

Single layer of cuboidal to columnar eells resting on 

basale 

basement membrane; site of most mitosis; eonsists 
of stem eells, keratinoeytes, melanoeytes, and 
taetile eells, but these are not all distinguishable 
with routine stains. Melanin is conspicuous in 
keratinoeytes of this layer in blaek to brown skin. 

Dermis 

Fibrous eonneetive tissue, riehly endowed with 
blood vessels and nerve endings. Sweat glands 
and hair follieles originate here and in hypodermis. 

Papillary layer 

Superficial one-fìfth of dermis; eomposed of areolar 
tissue; often extends upward as dermal papillae 

Reticular layer 

Deeper four-fifths of dermis; dense irregular 
eonneetive tissue 

Hypodermis 

Areolar or adipose tissue between skin and muscle 


Stratum corneum 


Epidermis 


Melanized eells 
of stratum basale 


Dermis 





(a) Dark skin 


(b) Light skin 


Figure 5.5 Variation in Skin Pigmentation. (a) The stratum basale shows heavy deposits of melanin in dark skin. (b) Light skin shows little or 
no visible melanin. 

Which ofthe five types of epidermol eells ore the melanized eells in port (o)? 


© McGraw-Hill Education/Dennis Strete, photographer © Creatas/PunchStock RF 
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and the keratinoeytes migrate to the surface and exfoliate. The 
amount of melanin also varies substantially from plaee to plaee 
on the body. It is relatively eoneentrated in freekles and moles; 
on the dorsal surfaces of the hands and feet as eompared with the 
palms and soles; in the nipple and areola of the breast; around the 
anus; on the scrotum and penis; and on the lateral surfaces of the 
female genital folds (labia majora). The eontrast between heavily 
melanized and lightly melanized regions of the skin is more pro- 
nounced in some people than in others, but it exists to some extent 
in nearly everyone. Variation in aneestral exposure to UV radiation 
is the primary reason for the geographie and ethnie variation in 
skin eolor seen today (see Deeper Insight 5.2). 

Other faetors in skin eolor are hemoglobin and earotene. 
Hemoglobin, the red pigment of blood, imparts reddish to pinkish 
hues to the skin. Its eolor is lightened by the white of the dermal 
eollagen. The skin is redder in plaees such as the lips, where blood 



The Evolution of Skin Color 

One of the most conspicuous signs of human variation is skin 
eolor, which ean range from the eolor of espresso or milk 
ehoeolate to eafe au lait or light peaeh. Such variation results 
from a eombination of evolutionary seleetion pressures, espe- 
eially differenees in exposure to ultraviolet radiation (UVR). This 
accounts for up to 77% of the variation in human skin eolor. 

UVR ean have two adverse effeets: It causes skin eaneer 
and it breaks down folie aeid, a B vitamin needed for normal eell 
division, fertility, and fetal development. It also has a desirable 
effeet: It stimulates keratinoeytes to synthesize vitamin D, which 
is needed for the absorption of dietary calcium and thus for 
healthy bone development. Too much UVR and one is at risk of 
infertility and fetal deformities such as spina bifida; too little and 
one is at risk of bone deformities such as riekets. Consequently, 
populations native to the tropies and people deseended from 
them tend to have well-melanized skin to sereen out excessive 
UVR. Populations native to far northern and southern latitudes, 
where the sunlight is weak, tend to have light skin to allow for 
adequate UVR penetration. Aneestral skin eolor is thus partly 
a eompromise between vitamin D and folie aeid requirements. 
Worldwide, women have skin averaging about 4% lighter than 
men do, perhaps because of their greater need for vitamin D and 
calcium to support pregnaney and laetation. 

Butfor multiple reasons, there are exceptions. UVR exposure 
is determined by more than latitude. It inereases at higher eleva- 
tions and in dry air, because the thinner, drier atmosphere filters 
out less UVR. This helps to explain the dark skin of natives in 
such loealities as the Andes and the high plateaus of Tibet and 
Ethiopia. Some other exceptions may be the result of human 
migrations from one latitude to another occurring too reeently 
for their skin eolor to have adapted to the new level of UVR 
exposure. Variation may also result from cultural differenees in 
elothing and shelter, intermarriage among people of different 
geographie aneestries, and darwinian sexual seleetion—a pref- 
erenee in mate ehoiee for partners of light or dark complexion. 


eapillaries eome eloser to the surface and the hemoglobin shows 
through more vividly. Depending on diet, the stratum corneum 
and subcutaneous fat may take on a yellowish tint by accumulat- 
ing compounds related to vitamin A and earotene, 14 a yellow pig- 
ment acquired from egg yolks and yellow and orange vegetables. 
This eolor is often most conspicuous where the stratum corneum 
is thiekest—on the heel and in calluses of the feet. 

The skin may also exhibit abnormal eolors of diagnostie value: 

• Cyanosis 15 is blueness of the skin resulting from a defieieney 
of oxygen in the circulating blood. Oxygen defieieney turns the 
hemoglobin a reddish violet eolor, which is lightened to blue- 
violet as it shows through the white dermal eollagen. Oxygen 
defieieney ean result from eonditions that prevent the blood 
from pieking up a normal load of oxygen in the lungs, such as 
airway obstmetions in drowning and ehoking, lung diseases 
such as emphysema, and respiratory arrest. Cyanosis also 
occurs in situations such as eold weather and eardiae arrest, 
when blood flows so slowly through the skin that the tissues 
consume oxygen faster than freshly oxygenated blood arrives. 

• Erythema 16 (ERR-ih-THEE-muh) is abnormal redness of 
the skin. It occurs in such situations as exercise, hot weather, 
sunburns, anger, and embarrassment. Erythema is caused by 
inereased blood flow in dilated cutaneous blood vessels or 
by dermal pooling of red blood eells that have eseaped from 
abnormally permeable eapillaries, as in sunburn. 

• Pallor is a pale or ashen eolor that occurs when there is so 
little blood flow through the skin that the white eolor of the 
dermal eollagen shows through. It ean result from emotional 
stress, low blood pressure, eold temperatures, severe anemia, 
or circulatory shoek. 

• Albinism 17 is a genetie laek of melanin that usually results 
in milky white hair and skin, and blue-gray eyes. Melanin 
is synthesized from the amino aeid tyrosine by the enzyme 
tyrosinase. People with albinism have inherited a reeessive, 
nonfunctional tyrosinase gene from both parents. 

• Jaundice 18 is a yellowing of the skin and whites of the eyes 
resulting from high levels of bilimbin in the blood. Bilimbin 
is a hemoglobin breakdown product. When erythroeytes 

get old, they disintegrate and release their hemoglobin. The 
liver and spleen eonvert hemoglobin to bilimbin and other 
pigments, which the liver excretes in the bile. Bilimbin ean 
accumulate enough to diseolor the skin, however, in such 
situations as a rapid rate of erythroeyte destmetion; when 
diseases such as eaneer, hepatitis, and eirrhosis eompromise 
liver function; and in premature infants, whose liver is not 
well enough developed to dispose of bilimbin effieiently. 

• A hematoma, 19 or bmise, is a mass of elotted blood showing 
through the skin. It is usually due to aeeidental trauma (blows 
to the skin), but it may indieate hemophilia, other metabolie 
or nutritional disorders, or physieal abuse. 


n carot 
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Apply What You Know 

An infant brought to a elinie shows abnormally yellow skin. 
What sign could you look for to help deeide whether this was 
due to jaundice or to a large amount of earotene from strained 
vegetables in the diet? 


Skin Markings 

The skin is marked by many lines, ereases, ridges, and patehes 
of accentuated pigmentation. Frietion ridges are the mark- 
ings on the fingertips that leave distinetive oily fingerprints 
on surfaces we touch. They are eharaeteristie of most primates, 
though their function has long been obscure. They enhanee one’s 
sensitivity to texture by vibrating when one strokes an uneven 
surface, thus stimulating sense organs ealled lamellar corpuscles 
(see p. 463) deeper in the skin. They are also thought to improve 
one’s grasp and aid in the manipulation of small and rough- 
surfaced objeets. Frietion ridges form during fetal development 
and remain essentially unchanged for life. Everyone has a unique 
pattern of frietion ridges; not even identieal twins have identieal 
fingerprints. 

Flexion lines (flexion ereases) are lines on the flexor surfaces 
of the digits, palms, wrists, elbows, and other plaees (see fig. A.19, 
p. 345). They mark sites where the skin folds during flexion of the 
joints. The skin is tightly bound to the deeper eonneetive tissue 
along these lines. 

Freekles and moles are tan to blaek aggregations of melano- 
eytes. Freekles are flat, melanized patehes that vary with heredity 
and exposure to the sun. A mole (nevus) is an elevated pateh of 
melanized skin, often with hair. Moles are harmless and sometimes 
even regarded as U beauty marks,” but they should be watched for 
ehanges in eolor, diameter, or contour that may suggest malignaney 
(skin eaneer). 

Birthmarks, or hemangiomas, 20 are patehes of diseolored skin 
caused by benign tumors of the blood eapillaries. Capillary hem- 
angiomas (strawberry birthmarks) usually develop about a month 
after birth. They beeome bright red to deep purple and develop 
small eapillary-dense elevations that give them a strawberry-like 
appearanee. About 90% of eapillary hemangiomas disappear by 
the age of 5 or 6 years. Cavernous hemangiomas are flatter and 
duller in eolor. They are present at birth, enlarge up to 1 year of 
age, and then regress. About 90% disappear by the age of 9 years. 
A port-wine stain is flat and pinkish to dark purple in eolor. It ean 
be quite large and remains for life. 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. What is the major histologieal differenee between thiek and 
thin skin? Where on the body is eaeh type of skin foiind? 

2. How does the skin help to adjust body temperature? 


20 hem = blood; ongi = vessel; omo = tumor, mass 


3. List the five eell types of the epidermis. Deseribe their loea- 
tions and functions. 

4. List the five layers of epidermis from deep to superficial. 
What are the distinetive features of eaeh layer? 

5. What are the two layers of the dermis? What type of tissue 
eomposes eaeh layer? 

6. Name the pigments responsible for normal skin eolors, and 
explain how eertain eonditions ean produce diseolorations 
of the skin. 



Hair and Nails 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. distinguish between three types of hair; 

b. deseribe the histology of a hair and its folliele; 

e. discuss some theories of the purposes served by 
various kinds of hair; 

d. deseribe the life eyele of a hair; and 

e. deseribe the structure and function of nails. 


The hair, nails, and cutaneous glands are the aeeessory organs 
(appendages) of the skin. Hair and nails eonsist mainly of dead, 
keratinized eells. The stratum corneum of the skin is made of pli- 
able soft keratin, but the hair and nails are eomposed mostly of 
hard keratin. Hard keratin is more eompaet and is toughened by 
numerous eross-linkages between the keratin molecules. 

Hair 

A hair is also known as a pilus (PY-lus)—in the plural, pili 
(PY-lye). It is a slender filament of keratinized eells that grows 
from an oblique tube in the skin ealled a hair folliele (fig. 5.6). 

Distribution and Types 

Hair occurs almost everywhere on the body except the lips, nipples, 
parts of the genitals, palms and soles, ventral and lateral surfaces 
of the fingers and toes, and distal segment of the fingers. The tmnk 
and limbs have about 55 to 70 hairs per square eentimeter, and the 
faee has about 10 times as many. There are about 30,000 hairs in a 
man’s beard and about 100,000 in the average person’s sealp. The 
density of hair does not differ much from one person to another or 
even between the sexes; indeed, it is virtually the same in humans, 
ehimpanzees, and gorillas. Differenees in apparent hairiness are 
due mainly to differenees in texture and pigmentation. 

Not all hair is alike, even on one person. Over the course of our 
lives, we grow three kinds of hair: lanugo, vellus, and terminal hair. 
Lanugo is fine, downy, unpigmented hair of the fetus. By the time 
of birth, most of it is replaeed by vellus, 22 a similarly fine, pale hair. 
Vellus constitutes about two-thirds of the hair of women, one-tenth of 


21 /an = down, wool 
22 vellus = fleeee 
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Figure 5.6 Structure of a Hair and Folliele. (a) Anatomy of the folliele and assoeiated structures. (b) Light mierograph of the base of a hair 
folliele. APjR 


the hair of men, and all of the hair of ehildren except for the eyebrows, 
eyelashes, and hair of the sealp. Terminal hair is longer, eoarser, and 
usually more heavily pigmented. It forms the eyebrows and eyelashes; 
eovers the sealp; and after puberty, it forms the axillary and pubic 
hair, male faeial hair, and some of the hair on the tmnk and limbs. 

Functions of Hair 

In most mammals, hair serves to retain body heat when it is eold, 
but also to shade the skin from excess solar radiation. Humans have 
too little hair to serve this purpose except on the sealp, where there 
is no insulating fat. Hair elsewhere on the body plays a variety of 
roles that are somewhat speculative, but probably best inferred by 
eomparison to the speeialized types and patehes of hair in other 
mammals (table 5.2). 

Structure of the Hair and Folliele 

A hair is divisible into three zones along its length: (1) the bulb, 
a swelling at the base where the hair originates in the dermis or 
hypodermis; (2) the root, which is the remainder of the hair within the 
folliele; and (3) the shaft, which is the portion above the skin surface. 
The only living eells of a hair are in and near the bulb. The bulb grows 
around a bud of vascular eonneetive tissue ealled the dermal papìlla, 
which provides the hair with its sole source of nutrition. Immedi- 
ately above the papilla is a region of mitotieally aetive eells, the hair 
matrix, which is the hair’s growth eenter. All eells higher up are dead. 

In eross seetion, a hair reveals up to three layers. From the 
inside out, these are the medulla, cortex, and cuticle. The medulla 


is a eore of loosely arranged eells and air spaees. It is most promi- 
nent in thiek hairs such as those of the eyebrows, but narrower in 
hairs of medium thiekness and absent from the thinnest hairs of 
the sealp and elsewhere. The cortex constitutes most of the bulk 
of a hair. It eonsists of several layers of elongated keratinized eells 
that appear cuboidal to flattened in eross seetions. The cuticle is 
eomposed of multiple layers of very thin, sealy, surface eells that 
overlap eaeh other like roof shingles, with their free edges direeted 
upward (see photo on p. 108). Cells lining the folliele are like shin- 
gles faeing in the opposite direetion. They interloek with the seales 


Hair of the torso 

and limbs 

Vestigial, but serves a sensory purpose as in 
deteetion of small inseets crawling on the skin 

Sealp hair 

Heat retention, proteetion from sun 

Beard, pubic, 

Advertises sexual maturity; assoeiated with 

and axillary 

apoerine seent glands in these areas and 

(armpit) hair 

modulates the dispersal of sexual seents 
(pheromones) from these glands 

Guard hairs 

Help keep foreign objeets out of nostrils and 

(vibrissae) 

auditory eanal; eyelashes help keep debris 
from eyes 

Eyebrows 

Enhanee faeial expression, may reduce glare 
of sun and help keep forehead perspiration 
from eyes 


TABLE 5.2 


Functíons of Hair 
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(b) Blaek, straight 


(d) Gray, wavy 


Figure 5.7 The Basis of Hair Color and Texture. Straight hair (a and b) is round in eross seetion whereas curly hair (e and d) is flatter. Blonde hair 
(a) has seanty eumelanin and a moderate amount of pheomelanin. Eumelanin predominates in blaek and brown hair (b). Red hair (e) derives its eolor 
predominantly from pheomelanin. Gray and white hair (d) laek pigment and have air in the medulla. 

Which ofthe hoir loyers illustroted here eorresponds to the seoles seen on the hoir shofts in the photo on poge 108? 


of the hair cuticle and resist pulling on the hair. When a hair is 
pulled out, this layer of folliele eells eomes with it. 

The folliele is a diagonal tube that dips deeply into the dermis 
and sometimes extends as far as the hypodermis. It has two 
prineipal layers: an epithelial root sheath and a eonneetive tissue 
root sheath (fig. 5.6a, b). The epithelial root sheath, which is an 
extension of the epidermis, lies immediately adjaeent to the hair 
root. Toward the deep end of the folliele, it widens to form a bulge, 
a source of stem eells for folliele growth. The eonneetive tissue root 
sheath, derived from the dermis, surrounds the epithelial sheath 
and is somewhat denser than the adjaeent dermal eonneetive tissue. 

Assoeiated with the folliele are nerve and muscle fibers. Nerve 
fibers ealled hair reeeptors entwine eaeh folliele and respond to 
hair movements. You ean feel their effeet by carefully moving a 
single hair with a pin or by lightly mnning your finger over the 
hairs of your arm without touching the skin. Assoeiated with eaeh 
hair is a piloereetor muscle —also known as a pilomotor muscle 
or arreetor pili 23 —a bundle of smooth muscle eells extending 


from dermal eollagen fibers to the eonneetive tissue root sheath 
of the folliele (see figs. 5.1 and 5.6). In response to eold, fear, 
touch, or other stimuli, the sympathetie nervous system stimulates 
the piloereetor to eontraet and thereby makes the hair stand on 
end. In other mammals, this traps an insulating layer of warm 
air next to the skin or makes the animal appear larger and less 
vulnerable to a potential enemy. In humans, it pulls the follieles 
into a vertieal position and causes “goose bumps,” but serves no 
useful purpose. 


23 arrect = ereet; pili = of a hair 


Hair Texture and Color 

The texture of hair is related to differenees in eross-seetional shape 
(fig. 5.7) —straight hair is round, wavy hair is oval, and tightly 
curly hair is relatively flat. Hair eolor is due to pigment granules in 
the eells of the cortex. Brown and blaek hair are rieh in eumelanin. 
Red hair has less eumelanin but a high eoneentration of pheomela- 
nin. Blond hair has an intermediate amount of pheomelanin but 
very little eumelanin. Gray and white hair result from a seareity 
or absenee of melanins in the cortex and the presenee of air in the 
medulla. 














CHapter five The Integumentary System 


119 




Old club hair 

Epidermis 

Sebaceous 

gland 

Piloereetor 
New hair 

Bulge 
Hair matrix 
Hair bulb 

Dermis 


0 Anagen (early) Anagen (mature) 

(Growing phase, 6-8 years) 

Stem eells multiply and folliele grows deeper into dermis; hair matrix 
eells multiply and keratinize, causing hair to grow upward; old club hair 
may persist temporarily alongside newly growing hair. 


Figure 5.8 The HairCycle. 
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@ Catagen 

(Degenerative phase, 2-3 weeks) 
Hair growth eeases; hair bulb 
keratinizes and forms club hair; 
lower folliele degenerates. 


@Telogen 

(Resting phase, 1-3 months) 
Dermal papilla has aseended 
to level of bulge; club hairfalls 
out, usually in telogen or 
next anagen. 


Hair Growth and Loss 

A given hair goes through a hair eyele eonsisting of three develop- 
mental stages: anagen, eatagen, and telogen (fig. 5.8). At any given 
time, about 90% of sealp follieles are in the anagen 24 phase. In this 
phase, stem eells from the bulge in the folliele multiply and travel 
downward, pushing the dermal papilla deeper into the skin and 
forming the epithelial root sheath. Root sheath eells direetly above 
the papilla form the hair matrix. Here, sheath eells transform into 
hair eells, which synthesize keratin and then die as they are pushed 
upward away from the papilla. The new hair grows up the folliele, 
often alongside an old club hair left from the previous eyele. 

In the eatagen 25 phase, mitosis in the hair matrix eeases and 
sheath eells below the bulge die. The folliele shrinks and the der- 
mal papilla draws up toward the bulge. The base of the hair kera- 
tinizes into a hard club and the hair, now known as a club hair, 
loses its anehorage. Club hairs are easily pulled out by bmshing 
the hair, and the hard club ean be felt at the hair’s end. When the 
papilla reaehes the bulge, the hair goes into a resting period ealled 
the telogen 26 phase. Eventually, anagen begins anew and the eyele 
repeats itself. A club hair may fall out during eatagen, telogen, or 
as it is pushed out by the new hair in the next anagen phase. We 
lose about 50 to 100 sealp hairs daily. 

In a young adult, sealp follieles typieally spend 6 to 8 years in 
anagen, 2 to 3 weeks in eatagen, and 1 to 3 months in telogen. Sealp 
hairs grow at a rate of about 1 mm per 3 days (10-18 em/yr) in the 
anagen phase. Hair grows fastest from adoleseenee until the 40s. After 
that, an inereasing pereentage of follieles are in eatagen and telogen 
rather than the growing anagen phase. Follieles also shrink and begin 
producing wispy vellus hairs instead of thieker terminal hairs. 


Thinning of the hair, or baldness, is ealled alopeeia 27 (AL-oh- 
PEE-she-uh). It occurs to some degree in both sexes and may be 
worsened by disease, poor nutrition, fever, emotional stress, radia- 
tion, or ehemotherapy. In the great majority of eases, however, it 
is simply a matter of aging. Pattern baldness is the eondition in 
which hair is lost from seleet regions of the sealp rather than thin- 
ning uniformly aeross the entire sealp. It results from a eombina- 
tion of genetie and hormonal influences. 

Contrary to popular miseoneeptions, hair and nails do not 
continue to grow after a person dies, cutting hair does not make 
it grow faster or thieker, and emotional stress eannot turn the hair 
white overnight. 

Nails 

Fingernails and toenails are elear, hard derivatives of the stra- 
tum corneum. They are eomposed of very thin, dead, sealy eells, 
densely paeked together and filled with parallel fibers of hard kera- 
tin. Most mammals have claws, whereas flat nails are one of the 
distinguishing eharaeteristies of humans and other primates. Flat 
nails serve as strong keratinized “tools” that ean be used for groom- 
ing, pieking apart food, and other manipulations. In addition, they 
allow for more fleshy and sensitive fingertips. Imagine touching a 
few grains of salt on a table. The nail, by providing a counterforce 
or resistanee from the other side of the finger, enhanees one’s sen- 
sitivity to such tiny objeets. 

The hard part of the nail is the nail plate, which includes the 
free edge overhanging the tip of the finger or toe; the nail body, 
which is the visible attaehed part of the nail; and the nail root, 


24 ono = up;gen = build, produce 

25 coto = down - 

26 fe/o = end 27 olopecio = fox mange 
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Figure 5.9 Anatomy ofa Fingernail. |AP|R 


which extends proximally under the skin (fig. 5.9). The surround- 
ing skin rises a bit above the nail as a nail fold, separated from the 
margin of the nail plate by a nail groove. The groove and the spaee 
under the free edge accumulate dirt and baeteria and require speeial 
attention when sembbing for duty in an operating room or nursery. 

The skin underlying the nail plate is the nail bed; its epidermis is 
ealled the hyponychium 28 (HIPE-o-NICK-ee-um). At the proximal 
end of the nail, the stratum basale thiekens into a growth zone ealled 
the nail matrix. Mitosis here in the matrix accounts for the growth of 
the nail—about 1 mm per week in the fingernails and slightly slower 
in the toenails. The thiekness of the matrix obscures the underlying 
dermal blood vessels and is the reason why an opaque white ereseent, 

r%Q 

the lunule (LOON-yule), often appears at the proximal end of 
a nail. A narrow zone of dead skin, the cuticle or eponychium 30 
(EP-o-NICK-ee-um), eommonly overhangs this end of the nail. 

The appearanee of the fingertips and nails ean be valuable 
in medieal diagnosis. The fingertips beeome swollen or clubbed 
in response to long-term hypoxemia—a defieieney of oxygen in 
the blood stemming from eonditions such as eongenital heart 
defeets and emphysema. Dietary defieieneies may be refleeted 
in the appearanee of the nails. An iron defieieney, for example, 
may cause them to beeome flat or eoneave (spoonlike) rather than 


28 hypo = below; onyeh = nail 
29 lun = moon; ule = little 
30 ep = above; onyeh = nail 


convex. Contrary to popular belief, adding gelatin to the diet has 
no effeet on the growth or hardness of the nails. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

7. What is the differenee betvveen vellus and terminal hair? 

8. Deseribe the three regions of a hair from its base to its tip, 
and the three layers of a hair seen in eross seetion. 

9. State the fiinetion of the dermal papilla, hair reeeptor, and 
piloereetor muscle assoeiated vvith a hair folliele. 

10. State a reasonable theory for the different functions of hair 

of the eyebrovvs, eyelashes, sealp, nostrils, and axilla. 

11. Deseribe some similarities betvveen a nail and a hair. 




Cutaneous Glands 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. name two types of sweat glands and deseribe the 
structure and function of eaeh; 

b. deseribe the loeation, structure, and function of 
sebaceous and ceruminous glands; and 

e. discuss the distinetion between breasts and mammary 
glands, and explain their respeetive functions. 


The skin has five types of glands: apoerine sweat glands, mero- 
erine sweat glands, sebaceous glands, ceruminous glands, and 
mammary glands. 


Sweat Glands 

Sweat glands, or sudoriferous 3 1 (soo-dor-IF-er-us) glands, are of 
two kinds, apoerine and meroerine. Apoerine glands (fig. 5.10a) 
occur in the groin, anal region, axilla, and areola, and in mature 
males, in the beard area. They are absent from the axillary region 
of Koreans and sparse in the Japanese. Their ducts lead into nearby 
hair follieles rather than direetly to the skin surface. Both apoerine 
and meroerine sweat glands produce their seeretion by exocytosis. 
Apoerine sweat glands do not seerete their product by the apoerine 
method shown in figure 3.31 (p. 77); they were named apoerine 
through a misunderstanding, and the name has unfortunately stuck. 
The seeretory part of the gland, however, has a much larger lumen 
than that of a meroerine gland, so these glands eontimie to be ealled 
apoerine glands to distinguish them functionally and histologieally 
from the meroerine type. Apoerine sweat is thieker and more milky 
than meroerine sweat because it has more fatty aeids in it. 


3 ^sudor = sweat; fer = earry, bear 
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Figure 5.10 Cutaneous Glands. (a) Apoerine sweat glands have a 
large lumen and a duct that eonveys their aromatie seeretion into a hair 
folliele. (b) Meroerine sweat glands have a narrower lumen and a duct 
that opens by way of a pore on the skin surface. (e) Sebaceous glands 
have eells that break down in entirety to form an oily seeretion (sebum) 
that is released into the hair folliele. 
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(e) Sebaceous gland 


Apoerine sweat glands are seent glands that respond espe- 
eially to stress and sexual stimulation. They are not aetivated until 
puberty, and in women, they enlarge and shrink in phase with the 
menstmal eyele. These faets, as well as experimental evidenee, 
suggest that their function is to seerete sex pheromones —ehemieals 
that exert subtle effeets on the sexual behavior and physiology of 
other people. They apparently eorrespond to the seent glands that 
develop in other mammals on attainment of sexual maturity. The 
seent of apoerine sweat is eonsidered attraetive or arousing in 
some cultures. Stale apoerine sweat acquires a raneid odor from 
the aetion of baeteria on the lipids in the perspiration. Disagree- 

Q r\ 

able body odor is ealled bromhidrosis. It oeeasionally indieates 
a metabolie disorder, but more often refleets inadequate hygiene. 

Many mammals have apoerine seent glands assoeiated with spe- 
eialized tufts of hair. In humans, they occur almost exclusively in 
regions eovered by the pubic hair, axillary hair, and beard, suggest- 
ing that they are similar to other mammalian seent glands in function. 
The hair serves to retain the aromatie seeretion and regulate its rate 


32 brom = steneh; hidros = sweat 


of evaporation from the skin. Thus, it seems no mere eoineidenee 
that women’s faees laek both apoerine seent glands and a beard. 

Meroerine 33 (eeerine 34 ) glands (fig. 5.10b) are widely distrib- 
uted over the entire body, but are espeeially abundant on the palms, 
soles, and forehead. Eaeh is a simple tubular gland with a twisted 
eoil in the dermis or hypodermis and an undulating or eoiled duct 
leading to a sweat pore on the skin surface. This duct is lined by a 
stratified cuboidal epithelium in the dermis and by keratinoeytes in 
the epidermis. Meroerine perspiration flinetions to eool the body. 
It eontains sodium ehloride, ammonia, urea, and uric aeid—wastes that 
are present also in the urine. There are 3 to 4 million meroerine sweat 
glands in the skin, with a total mass about equal to that of one kidney. 

Amid the seeretory eells of meroerine and apoerine glands, 
there are speeialized myoepithelial 35 eells with properties similar 
to those of smooth muscle. They eontraet in response to the 
sympathetie nervous system and squeeze perspiration up the duct. 


33 mero = part; erin = to separate, seerete 
34 ec = out; erin = to separate, seerete 
35 myo = muscle 
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Sebaceous Glands 

Sebaceous 36 (seh-BAY-shus) glands (fig. 5.10c) produce an 
oily seeretion ealled sebum (SEE-bum). They occur everywhere 
except in thiek skin, but are most abundant on the sealp and faee. 
They are flask-shaped and usually clustered around a hair folliele, 
with short ducts that open into the folliele. Some, however, open 
direetly onto the skin surface. They are holoerine glands with little 
visible lumen. Their seeretion eonsists of broken-down eells that 
are replaeed by mitosis around the perimeter of the gland. Sebum 
keeps the skin and hair from beeoming dry, brittle, and eraeked. 
The sheen of well-brushed hair is due to sebum distributed by the 
hairbmsh. 

Ceruminous Glands 

Ceruminous (seh-ROO-mih-nus) glands are found only in the 
auditory (external ear) eanal, where their seeretion eombines with 
sebum and dead epidermal eells to form earwax, or cerumen. 37 
They are simple, eoiled, tubular glands with ducts leading to the 
skin surface. Cerumen keeps the eardmm pliable, waterproofs the 
eanal, kills baeteria, and eoats the guard hairs of the ear, making 
them stieky and more effeetive in bloeking foreign partieles from 
entering the eanal. 

Mammary Glands 

Mammary glands are milk-producing glands that develop within 
the breasts (mammae) under eonditions of pregnaney and laeta- 
tion. They are not synonymous with the breasts, which are present 


TABLE 5.3 


Cutaneous Glands 


Gland Type 


Definition 


Sudoriferous glands Sweat glands 


Apoerine 


Meroerine 


Sweat glands that function as seent 
glands; found in the regions eovered by 
the pubic, axillary, and male faeial hair; 
open by ducts into hair follieles 

Sweat glands that function in evaporative 
eooling; widely distributed over the body 
surface; open by ducts onto the skin 
surface 


Sebaceous glands 


Oil-producing glands assoeiated with hair 
follieles 


Ceruminous glands 


Glands of the ear eanal that produce 
cerumen (earwax) 


Mammary glands 


Milk-producing glands loeated in the 
breasts 


in both sexes and which, even in females, usually eontain only 
small traees of mammary gland. Mammary glands are modified 
apoerine sweat glands that produce a rieher seeretion than other 
apoerine glands and ehannel it through ducts to a nipple for more 
effieient eonveyanee to the offspring. The mammary glands are 
discussed in more detail in ehapter 26. Table 5.3 summarizes the 
cutaneous glands. 



Extra Nipples—An Evolutionary Throwback 

Humans normally have only one pair of nipples. This is a trait 
that we share with other primates, related to the faet that most 
primates have only one infant at a time rather than having to 
nurse a whole litter. Some women and men, however, develop 
one or more additional nipples, either on the same breast or 
slightly superior or inferior to it. This eondition is ealled polythe- 
lia. 38 The extra nipple often is so little developed that it is mis- 
taken for a mole. In a few eases, fully formed additional breasts 
develop inferior to the primary ones—a eondition ealled po/y- 
mastia. 39 In medieval Europe and eolonial Ameriea, polythe- 
lia was sometimes used to ineriminate women as supposed 
witches and used as a pretext to put innoeent women to death. 

Why would such a thing as polythelia occur? It is an example 
of what evolutionary biologists eall an atavism, a “throwback” 
to an aneestral eondition. Most mammals develop two rows of 
mammary glands along lines ealled the milk lines or mammary 
ridges, which extend from the axillary to the inguinal region. 
This enables a female to nurse a litter of young. Primates have 
dispensed with all but the most anterior pair, but still possess 
the genes for development of more. These genes are normally 
inaetive in humans, but when aetivated, additional nipples or 
breasts appear along the milk line. Polythelia is a further testi- 
mony to our aneestry and kinship with other mammals. 


Before You Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

12. How do meroerine and apoerine sweat glands differ in 

structure and function? 

13. What types of hair are assoeiated with apoerine glands? 

Why? 

14. What other type of gland is assoeiated with hair follieles? 

How does its mode of seeretion differ from that of sweat 
glands? 

15. What is the differenee between a breast and mammary 

gland? What other type of cutaneous gland is most elosely 
related to mammary glands? 


36 seb = fat, tallow; oeeoi/s = possessing 
37 cer = wax 


38 poly = many, multiple; thel = nipples; io = eondition 
39 po/y = many, multiple; most = breasts; io = eondition 
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Developmental and 
eiinìeal Perspeetives 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the prenatal development of the skin, hair, 
and nails; 

b. deseribe the three most eommon forms of skin eaneer; 
and 

e. discuss the three elasses of burns and the priorities in 
burn treatment. 


Prenatal Development of 
the Integiimentary System 

Skin 

The epidermis develops from the embryonie eetoderm, and the 
dermis from the mesoderm. In week 4 of embryonie develop- 
ment, eetodermal eells multiply and organize into two layers— 
a superficial periderm of squamous eells and a deeper basal 
layer (fig. 5.11). In week 11, the basal layer gives rise to a new 
intermediate layer of eells between these two. From then until 
birth, the basal layer is known as the germinative layer. Its eells 
remain for life as the stem eells of the stratum basale. Cells 
of the intermediate layer synthesize keratin and beeome the 
first keratinoeytes. These eells organize into three layers—the 
stratum spinosum, granulosum, and corneum—as the periderm is 
sloughed off into the amniotie fluid. By week 21, the periderm is 
gone and the stratum corneum is the outermost layer of the fetal 
integument. 

Beneath the developing epidermis, the mesoderm differen- 
tiates into a gelatinous eonneetive tissue ealled mesenehyme. 
Mesenehymal eells begin producing collagenous and elastie fibers 
by week 11, and the mesenehyme takes on the eharaeteristies of 
typieal fibrous eonneetive tissue. Dermal papillae appear along 
the dermal-epidermal boundary in the third month. Blood vessels 
appear in the dermis late in week 6. At birth, the skin has 20 times 
as many blood vessels as it needs to support its metabolism. The 
excess may help to regulate the body temperature of the newborn. 


Hair and Nails 

The first hair follieles appear around the end of the seeond month 
on the eyebrows, eyelids, upper lip, and ehin; follieles do not 
appear elsewhere until the fourth month. At birth, there are about 
5 million hair follieles in both sexes; no additional follieles form 
after birth. 

A hair folliele begins as a cluster of eetodermal eells ealled a 
hair bud, which pushes down into the dermis and elongates into 
a rodlike hair peg (fig. 5.12). The lower end of the peg expands 
into a hair bulb. The dermal papilla first appears as a small mound 
of tissue just below the bulb, then expands into the bulb itself. 
Eetodermal eells overlying the papilla form the germinal matrix, a 
mass of mitotieally aetive eells that produce the hair root. The first 
hair to develop in the fetus is lanugo, which appears in week 12 
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Figure 5.11 Prenatal Development of the Epidermis and Dermis 


and is abundant by week 20. By the time of birth, most lanugo is 
replaeed by vellus. 

The first indieations of nail development are epidermal thiek- 
enings that appear on the ventral surfaces of the fingers around 10 
weeks and on the toes around 14 weeks. They soon migrate to the 
dorsal surfaces of the digits, where they form a shallow depression 
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ealled the primary nailfield. The margins of the nail field are the nail 
folds. In the proximal nail fold of eaeh digit, the germinal layer of 
epidermis develops into the nail root. Mitosis in the root produces the 
keratinoeytes that beeome eompressed into the hard nail plate. The 
nail plate reaehes the fingertips by 8 months and the toe tips by birth. 


Glands 

Sebaceous glands begin to bud from the sides of a hair folliele 
about 4 weeks after the hair bulb begins to elongate (fig. 5.12). 
Mature sebaceous glands are present on the faee by 6 months 
and seerete very aetively before birth. Their sebum mixes with 
epidermal and peridermal eells to form a white, greasy skin 
eoating ealled the vernix easeosa . 40 The vernix proteets the skin 
from abrasions and from the amniotie fluid, which ean otherwise 


40 vernix = varnish; eose = eheese; oso = having the qualities of 


cause the fetal skin to ehap and harden. Its slipperiness also aids 
in the birth passage through the vagina. The vernix is anehored to 
the skin by the lanugo and later by the vellus. Sebaceous glands 
beeome largely dormant by the time of birth, and are reaetivated at 
puberty under the influence of the sex hormones. 

Apoerine sweat glands also develop as outgrowths from the 
hair follieles. They appear over most of the body at first, but then 
degenerate except in the limited areas deseribed earlier—espeeially 
in the axillary and genital regions. Like the sebaceous glands, they 
beeome aetive at puberty. 

Meroerine sweat glands develop as buds of the embryonie ger- 
minative layer that grow and push their way down into the dermis 
(fig. 5.12). These buds develop at first into solid eords of epithelial 
tissue, but eells in the eenter of the eord later degenerate to form 
the lumen of the sweat duct, while eells at the lower end differenti- 
ate into seeretory and myoepithelial eells. 
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Figiire 5.12 Prenatal Development of a Hair Folliele and Cutaneous Glands. 
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The Aging lntegumentary System 

Seneseenee (age-related degeneration) of the integumentary sys- 
tem often beeomes notieeable by the late 40s. The hair turns grayer 
and thinner as melanoeyte stem eells die out, mitosis slows down, 
and dead hairs are not replaeed. Atrophy of the sebaceous glands 
leaves the skin and hair drier. As epidermal mitosis deelines and 
eollagen is lost from the dermis, the skin beeomes almost paper- 
thin and translucent. It beeomes looser because of a loss of elastie 
fibers and flattening of the dermal papillae. If you pineh a fold of 
skin on the baek of a ehild’s hand, it quickly springs baek when 
you let go; do the same on an elderly person, and the skin fold 
remains longer. Because of its loss of elastieity, aged skin sags to 
various degrees and may hang loosely from the arms and other 
plaees. 

Cutaneous blood vessels beeome fewer and more fragile in old 
age. The skin may redden as broken vessels leak into the eonnee- 
tive tissue, and aged skin bmises more easily. Many older people 
exhibit rosaeea —patehy networks of tiny, dilated blood vessels 
visible espeeially on the nose and eheeks. Injured skin heals slowly 
in old age because of diminished circulation and a relative seareity 
of immune eells and fibroblasts. Dendritie eells deeline by as much 
as 40% in the aged epidermis, leaving the skin more susceptible to 
recurring infeetions. 

Thermoregulation ean be a problem in old age because of the 
atrophy of cutaneous blood vessels, sweat glands, and subcutane- 
ous fat. Older people are more vulnerable to hypothermia in eold 
weather and heatstroke in hot weather. Heat waves and eold spells 


take an espeeially heavy toll among elderly poor people who suf- 
fer from a eombination of reduced homeostasis and inadequate 
housing. 

Degeneration of the skin is aeeelerated by excessive exposure 
to the ultraviolet radiation of sunlight. This photoaging accounts 
for more than 90% of the ehanges that people find medieally trou- 
bling or eosmetieally disagreeable: skin eaneer; yellowing and 
mottling of the skin; age spots, which resemble enlarged freekles 
on the baek of the hand and other sun-exposed areas; and wrin- 
kling, which espeeially affeets the most exposed areas of skin 
(faee, hands, and arms). Sun-damaged skin shows many malignant 
and premalignant eells, extensive damage to the dermal blood ves- 
sels, and dense masses of eoarse, frayed elastie fibers underlying 
the surface wrinkles and ereases. 


Skin Disorders 

Because it is the most exposed of all our organs, skin is not only 
the most vulnerable to injury and disease, but is also the one plaee 
where we are most likely to notiee anything out of the ordinary. 
We focus here on two particularly eommon and serious disorders, 
skin eaneer and burns. Other skin diseases are briefly summarized 
in table 5.4. 


Skin Cancer 

Skin eaneer is induced by the ultraviolet rays of the sun. It occurs 
most often on the head and neek, where exposure is greatest. It is 


TABLE 5.4 


Some Disorders of the lntegumentary System 


Aene 


Dermatitis 


Eezema (ECK-zeh-mah) 


Psoriasis (so-RY-ah-sis) 


Ringworm 


Rosaeea (ro-ZAY-she-ah) 


Warts 


Inflammation of the sebaceous glands, espeeially beginning at puberty; folliele beeomes bloeked with keratinoeytes 
and sebum and develops into a blaekhead (eomedo) eomposed of these and baeteria; continued inflammation of 
folliele results in pus production and pimples 


Any inflammation of the skin, typieally marked by itehing and redness; often eontoet dermotitis, caused by 
exposure to toxins such as poison ivy 


itehy, red, “weeping” skin lesions caused by an allergy, usually beginning before age 5; may progress to thiekened, 
leathery, darkly pigmented patehes of skin 

Recurring, reddened plaques eovered with silvery seale; sometimes disfiguring; possibly caused by an autoimmune 
response; runs in families 


A fungal infeetion of the skin (not a worm) that sometimes grows in a circular pattern; eommon in moist areas such 
as the axilla, groin, and foot (othlete’s foot) 

A red rashlike area, often in the area ofthe nose and eheeks, marked by fine networks of dilated blood vessels; 
worsened by hot drinks, aleohol, and spiey food 


Benign, elevated, rough lesions caused by human papillomaviruses (HPV). Common vvorts appear most frequently 
in late ehildhood on the fingers, elbows, and other areas of skin subject to stress. Plontor vvorts occur on the soles 
and venereol vvorts on the genitals. Warts ean be treated by freezing with liquid nitrogen, eleetrie cauterization 
(burning), laser vaporization, surgical excision, and some medieines such as salieylie aeid. 


Disorders Deseribed Elsewhere 


Abnormal skin eoloration 115 
Birthmarks 116 
Burns 126 


Pemphigus vulgaris 39 
Polythelia and polymastia 122 
Skin eaneer 125 
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most eommon in fair-skinned people and the elderly, who have 
had the longest lifetime UV exposure and have less melanin to 
shield the keratinoeyte DNA from radiation. The popularity of sun 
tanning, however, has caused an alarming inerease in skin eaneer 
among younger people. While sunscreens proteet against sunburn, 
there is no evidenee that they afford proteetion from skin eaneer. 
Skin eaneer is one of the most eommon eaneers, but it is also one 
of the easiest to treat and has one of the highest survival rates when 
it is deteeted and treated early. 

There are three types of skin eaneer named for the epidermal 
eells in which they originate: basal eell eareinoma, squamous eell 
eareinoma, and melanoma. The three types are also distinguished 
from eaeh other by the appearanee of their lesions 41 (zones of 
tissue injury). 

Basal eell eareinoma 42 is the most eommon type. It is the 
least deadly because it seldom metastasizes, but if negleeted, it ean 
cause severe faeial disfigurement. It arises from eells of the stra- 
tum basale and eventually invades the dermis. On the surface, the 
lesion first appears as a small, shiny bump. As the bump enlarges, 
it often develops a eentral depression and a beaded í4 pearly” edge 

(fig. 5.13a). 

Squamous eell eareinoma arises from keratinoeytes of 
the stratmn spinosum. The lesion has a raised, reddened, sealy 
appearanee and later forms a eoneave ulcer with raised edges 
(fig. 5.13b). The ehanee of reeovery is good with early deteetion 
and surgical removal, but if it goes unnoticed or is negleeted, 
this eaneer tends to metastasize to the lymph nodes and ean be 
lethal. 

Melanoma is a skin eaneer that arises from the melanoeytes, 
often in a preexisting mole. It accounts for no more than 5% of skin 
eaneers, but it is the most deadly form. It ean be treated surgically 
if it is caught early, but if it metastasizes—which it does quickly— 
it is unresponsive to ehemotherapy and usually fatal. The average 
person with metastatie melanoma lives only 6 months from diag- 
nosis, and only 5% to 14% of patients survive with it for 5 years. 
The greatest risk faetor for melanoma next to UV exposure is a 
family history of the disease. It has a relatively high ineidenee in 
men, in redheads, and in people who experienced severe sunburns 
in ehildhood. 

It is important to distinguish a mole from melanoma. A mole 
usually has a uniform eolor and even contour, and it is no larger 
in diameter than the end of a peneil eraser (about 6 mm). If it 
beeomes malignant, however, it forms a large, flat, spreading 
lesion with a sealloped border (fig. 5.13c). The Ameriean Cancer 
Soeiety suggests an ‘ABCD mle” for reeognizing melanoma: A 
for asymmetry (one side of the lesion looks different from the 
other); B for border irregularity (the contour is not uniform but 
wavy or sealloped); C for eolor (often a mixture of brown, blaek, 
tan, and sometimes red and blue); and D for diameter (greater 
than 6 mm). 

Skin eaneer is treated by surgical excision, radiation ther- 
apy, or destmetion of the lesion by heat (eleetrodesieeation) or 
eold (cryosurgery). 


41 /es/'o = injure 

42 carcin = eaneer; oma = tumor 



(a) Basal eell eareinoma 



(b) Squamous eell eareinoma 



(e) Melanoma 


Figure 5.13 Typieal Lesions of the Three Forms of Skin Cancer. 

• Which ofthe ABCD rules eon you identify in port (e:)? 


Burns 

Burns are the leading cause of aeeidental death. They are usu- 
ally caused by UV radiation, fires, kitehen spills, or excessively 
hot bath water, but they also ean be caused by other forms of 
radiation, strong aeids and bases, or eleetrieal shoek. Burn deaths 


James Stevenson/SPL/Seienee Source © Biophoto Assoeiates/Seienee Source © NAS Medieal/Alamy 
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result primarily from fluid loss, infeetion, and the toxic effeets of 
esehar 43 (ESS-ear)—the burned, dead tissue. 

Burns are elassified aeeording to the depth of tissue involvement 
(fig. 5.14). First-degree burns involve only the epidermis and are 
marked by redness, slight edema, and pain. They heal in a few days 
and seldom leave sears. Most sunburns are first-degree burns. 

Seeond-degree burns involve the epidermis and part of the 
dermis but leave at least some of the dermis intaet. First- and 
seeond-degree burns are therefore also known as partial-thiekness 
burns. A seeond-degree burn may be red, tan, or white and is 
blistered and very painful. It may take from 2 weeks to several 
months to heal and may leave sears. The epidermis regenerates by 
division of epithelial eells in the hair follieles and sweat glands and 
those around the edges of the lesion. Severe sunburns and many 
sealds are seeond-degree burns. 


A3 eschar = seab 


Third-degree burns are also ealled full-thickness burns 

because the epidermis and dermis are eompletely destroyed. 
Sometimes even deeper tissue is damaged (hypodermis, muscle, 
and bone). (Some authorities eall burns that extend to the bone 
fourth-degree burns.) Sinee no dermis remains, the skin ean 
regenerate only from the edges of the wound. Third-degree burns 
often require skin grafts (see Deeper Insight 5.4). If a third-degree 
burn is left to itself to heal, contracture (abnormal eonneetive 
tissue fibrosis) and severe disfigurement may result. 


Apply What You Know 

A third-degree burn may be surrounded by painful areas of first- 
and seeond-degree burns, but the region of the third-degree 
burn is painless. Explain the reason for this laek of pain. 



Partial-thiekness burns 




(a) First degree 


(b) Seeond degree 


Full-thickness burns 



(e)Third degree 


Figure 5.14 Three Degrees of Burns. (a) First-degree burn, involving only the epidermis. (b) Seeond-degree burn, involving the epidermis and 
part ofthe dermis. (e) Third-degree burn, extending through the entire dermis and often involving even deeper tissue. 
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DEEPER INSIGHT 



Skin Grafts and Artifieial Skin 

Third-degree burns leave no dermis to regenerate vvhat vvas lost 
and, therefore, require skin grafts. Ideally, these should eome 
from elsevvhere on the same patient’s body (autografts A4 ) so there 
is no problem vvith immune rejeetion, but this may not be feasible 
in patients vvith extensive burns. A skin graft from another person 
(ealled an allograft 45 or homograft 46 ) or even skin from another 
speeies (ealled a heterograft 47 or xenograft 48 ), such as pig skin, 
may be used, but they present problems vvith immune rejeetion. 

At least tvvo bioengineering eompanies produce artifieial skin 
as a temporary burn eovering. One such product is made by 
culturing fibroblasts on a eollagen gel to produce a dermis, then 
culturing keratinoeytes on this substrate to produce an epidermis. 
This is used to treat not only burn patients but also patients vvith 
leg and foot ulcers caused by diabetes mellitus. Another nevv 
teehnology available in some countries is a spray-on skin graft. A 
bit of epidermis the size of a postage stamp is taken from a burn 
patient and enzymatieally broken up into separate eells. The eell 
suspension is then sprayed onto areas of seeond-degree burns 
or other skin lesions. Within a vveek, this ean grovv into an area of 
healthy skin the size of a book page. 


Before You Go On 

Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

16. What adult skin layer arises from the germinative layer of 

the fetus? 

17. What is the vernix easeosa of the fetus? What purpose 

does it serve? 

18. Whattypes of eells are involved in eaeh type ofskin eaneer? 

19. Which type of skin eaneer is most dangerous? What are its 

early vvarning signs? 

20. What is the differenee betvveen a first-, seeond-, and third- 

degree burn? 

21. What are the tvvo most urgent priorities in treating a burn 

vietim? Hovv are these needs dealt vvith? 


44 oi/fo = self 
45 o//o = different, other 
46 homo = same 
47 hetero = different 
48 xeno = strange, alien 



Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

5.1 The Skin and Subcutaneous Tissue 
(p. 109) 

1. The differenee between the integiimentary 
system and integument, and the braneh of 
medieine that deals with this system 

2. The two prineipal layers of the skin and 
alternative terms for the eonneetive tissue 
beneath the skin 

3. The range of thieknesses of the skin, the 
basis for distinguishing thiek skin from 
thin skin, and where those two types of 
skin are loeated 

4. The multiple functions of the skin and 
what aspeets of skin structure contribute to 
these functions 

5. The five epidermal eell types and their 
respeetive functions 


6. The four to five strata seen in thin and 
thiek skin, their order of occurrence, and 
the distinguishing histologieal features of 
eaeh stratum 

7. The histologieal distinetions between thin 
and thiek skin 

8. The life history of a keratinoeyte from the 
time of its mitotie birth to the time it dies 
and flakes off the skin surface, and how 
the stages of its development eorrelate 
with the histologieal appearanee of the 
epidermal strata 

9. The signifieanee of the epidermal water 
barrier, what it is eomposed of, and how 
keratinoeytes produce it 

10. The eomposition of the dermis, includ- 
ing its fiber and eell types and the diverse 
small organs that it eontains 

11. The structure of the dermal-epidermal 
boundary, the names of its interloeking 
troughs and ridges, and how and why the 


appearanee of this boundary differs from 
one region of the body to another 

12. The differenee between the papillary and 
reticular layers of the dermis—where they 
are seen, their tissue eomposition, and 
their functional differenee 

13. The histologieal eomposition of the hypo- 
dermis and how it differs from the dermis 

14. The pigments responsible for normal skin 
eolors, the two types of melanin, and rea- 
sons for the differenees between light and 
dark skin 

15. A variety of pathologieal skin eolors and 
what causes such variations 

16. The various kinds of lines, ereases, and 
other markings of the skin 

5.2 Hair and Nails (p. 116) 

1. The protein eomposition of hair and nails 
and how this eompares to the dominant 
epidermal protein 
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2. The distinetion between a hair and its folli- 
ele, and their general structural relationship 

3. The three types of human hair and their 
differenees in appearanee, bodily loeation, 
and occurrence over the human life span 

4. The functions of human hair of various 
types and bodily loeations 

5. The three regions of a hair from its base to 
the portion above the skin; where it gets its 
nourishment; and which region serves as 
the hair’s growth zone 

6. The three zones of a hair seen in eross see- 
tion, from its eore to its surface, including 
the differenees between these zones in eell 
morphology 

7. The layers of a hair folliele and the func- 
tional signifieanee of its bulge 

8. Nerves and muscles assoeiated with a hair, 
and their functions 

9. Faetors that account for differenees in hair 
eolor and texture (straight, wavy, or curly) 

10. Stages in the life eyele of a hair, the prinei- 
pal proeesses that occur in eaeh stage, and 
approximately how long eaeh stage lasts 

11. Types of hair thinning and faetors that eon- 
tribute to it 


12. The morphology of the nails, and how 
variations in appearanee ean be of diagnos- 
tie value in eertain diseases and disorders 

5.3 Cutaneous Glands (p. 120) 

1. The two types of sweat glands and how 
they differ in histologieal appearanee, 
bodily distribution, function, and develop- 
ment over the human life span 

2. The function and loeations of sebaceous 
glands, and how they differ from sweat 
glands in their method of seeretion 

3. The loeation of the ceruminous glands, 
how cerumen differs from the product 
seereted by these glands, and what func- 
tions are served by eemmen 

4. Why the terms mammary gland and breast 
are not synonymous, and how mammary 
glands eompare and eontrast with apoerine 
sweat glands 

5.4 Developmental and Clinical 
Perspeetives (p. 123) 

1. Stages in the embryonie development of 
the epidermis from the eetoderm, and how 


the dermis differs from the epidermis in its 
origin and mode of development 

2. How the hair and nails develop from the 
embryonie epidermis 

3. Where and how sebaceous glands arise 
in the embryo; the nature of the vernix 
easeosa; and how the vernix easeosa, along 
with the fetal lanugo and vellus, proteet the 
fetus 

4. How the two types of sweat glands differ 
in their prenatal development and how they 
differ in ehildhood versus in and beyond 
puberty 

5. Ways in which the adult skin ehanges with 
age, espeeially in the elderly, and how this 
is influenced by one’s lifetime history of 
UV exposure 

6. The three types of skin eaneer and how 
they differ in the eells of origin, relative 
frequency in the population, and relative 
risk of metastasis and mortality 

7. Distinguishing eharaeteristies of the three 
degrees of burns 


Testing Your Reeall 


1. Cells of the _ are keratinized and 

dead. 

a. papillary layer 

b. stratum spinosum 
e. stratum basale 

d. stratum corneum 

e. stratum granulosum 

2. The epidermal water barrier forms at the 
point where epidermal eells 

a. enter the telogen stage. 

b. pass from stratum basale to stratum 
spinosum. 

e. pass from stratum spinosum to stratum 
granulosum. 

d. form the epidermal ridges. 

e. exfoliate. 

3. Which of the following skin eonditions or 
appearanees would most likely result from 
liver failure? 

a. pallor 

b. erythema 

e. pemphigus vulgaris 

d. jaundice 

e. melanization 

4. All of the following interfere with miero- 
bial invasion of the skin except 

a. the aeid mantle. 


b. melanin. 
e. eemmen. 

d. keratin. 

e. sebum. 

5. The hair on a 6-year-old’s arms is 

a. vellus. 

b. lanugo. 
e. pilomm. 

d. terminal hair. 

e. rosaeea. 

6. Which of the following terms is least 
related to the rest? 

a. lunule 

b. nailplate 

e. hyponychium 

d. free edge 

e. cortex 

7. Which of the following is a seent gland? 

a. an eeerine gland 

b. a sebaceous gland 
e. an apoerine gland 

d. a ceruminous gland 

e. a meroerine gland 

8. _are skin eells with a sensory role. 

a. Taetile eells 

b. Dendritie eells 
e. Langerhans eells 


d. Melanoeytes 

e. Keratinoeytes 

9. The embryonie periderm beeomes part of 

a. the vernix easeosa. 

b. the lanugo. 

e. the stratum corneum. 

d. the stratum basale. 

e. the dermis. 

10. Which of the following skin eells alert the 
immune system to pathogens? 

a. fibroblasts 

b. melanoeytes 
e. keratinoeytes 

d. dendritie eells 

e. taetile eells 

11. Two eommon word roots that refer to the 

skin in medieal terminology are_and 


12. A muscle that causes a hair to stand on end 

is ealled a/an_. 

13. The most abundant protein of the epider- 

mis is_, while the most abundant pro- 

tein of the dermis is_. 

14. Bhieness of the skin due to low oxygen 

eoneentration in the blood is ealled_. 

15. Projeetions of the dermis toward the epi- 
dermis are ealled 
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16. Cerumen is more eommonly known as 


17. The holoerine glands that seerete into a 
hair folliele are ealled 


18. The sealy outermost layer of a hair is 

ealled the_. 

19. A hair is nourished by blood vessels in 
a eonneetive tissue projeetion ealled the 


20. A_burn destroys part of the dermis, 

but not all of it. 

Answers in appendix A 


Biiilding Your Medieal Vocabulary 


State a medieal meaning ofeaeh of the following 
word elements, and give a term in which it is used. 

1. dermato- 

2. epi- 

3. sub- 


4. pap- 

5. melano- 

6. eyano- 

7. lucid- 

8. -illa 


9. pilo- 
10. eareino- 


Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 


1. Dander eonsists of dead keratinoeytes. 

2. The term integument means only the skin, 
but integumentary system refers also to the 
hair, nails, and cutaneous glands. 

3. The dermis is eomposed mainly of keratin. 

4. Vitamin D is synthesized by eertain cuta- 
neous glands. 


5. Cells of the stratum granulosum eannot 
undergo mitosis. 

6. Dermal papillae are better developed in 
skin that is subject to a lot of meehanieal 
stress than in skin that is subject to less 
stress. 

7. The three layers of the skin are the epider- 
mis, dermis, and hypodermis. 

8. People of Afriean deseent have a much 
higher density of epidermal melanoeytes 


than do people of northern European 
deseent. 

9. Melanoma is the most eommon and deadly 
form of skin eaneer. 

10. Apoerine seent glands are aetivated at the 
same time in life as the pubic and axillary 
hair begins to grow. 

Answers in appendix A 


Testing Your Comprehension 


1. Many organs of the body eontain numer- 
ous smaller organs, perhaps even thou- 
sands. Deseribe an example of this in the 
integumentary system. 

2. Certain aspeets of human form and func- 
tion are easier to understand when viewed 
from the perspeetive of eomparative anat- 
omy and evolution. Discuss examples of 
this in the integumentary system. 


3. Explain how the eomplementarity of form 
and function is refleeted in the faet that the 
dermis has two histologieal layers and not 
just one. 

4. Cold weather does not normally interfere 
with oxygen uptake by the blood, but it ean 
cause eyanosis anyway. Why? 


5. Why is it important for the epidermis to be 
effeetive, but not too effeetive, in sereening 
out UV radiation? 
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I n art and history, nothing has symbolized death so much as 
a skull or skeleton. 1 Bones and teeth are the most durable 
remains of a onee-living body and the most vivid reminder of 
the impermanenee of life. 

The dry bones presented for laboratory study may vvrongly 
suggest that the skeleton is a nonliving seaffold for the body, 
like the steel girders of a building. Seeing it in such a sanitized 
form makes it easy to forget that the living skeleton is made of 
dynamie tissues, full of eells—that it continually remodels itself 
and interaets physiologieally vvith all ofthe other organ systems. 
The skeleton is permeated vvith nerves and blood vessels, 
evidenee of its sensitivity and metabolie aetivity. 

Bone is the subject of ehapters 6 through 8. In this ehapter, 
vve study bone as a tissue—its eomposition, development, and 
grovvth. This vvill provide a basis for understanding the skeleton, 
joints, and muscles in the ehapters that follovv. 



Tissues and Organs 
of the Skeletal System 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be 
able to 

a. name the tissues and organs that eompose the 
skeletal system; 

b. state several functions of the skeletal system; 

e. distinguish betvveen bone as a tissue and as an 
organ; and 

d. deseribe the general features of a long bone. 


The skeletal system eonsists of bones, eartilages, and ligaments 
tightly joined to form a strong, flexible framework for the body. 
Cartilage, the embryonie foremnner of most bones, eovers many 
joint surfaces in the mature skeleton. Ligaments hold bones 
together at the joints and are discussed in ehapter 9. Tendons are 
structurally similar to ligaments but attaeh muscles to bones; they 
are discussed with the muscular system in ehapters 11 and 12. 


Functions of the Skeleton 

The skeleton obviously provides the body with physieal support, 
but it plays many other roles that go unnoticed by most people. Its 
functions include the following. 

• Support. Bones of the legs, pelvis, and vertebral column hold 
up the body; the jaw bones support the teeth; and nearly all 
bones provide support for muscles. 

• Movement. Skeletal muscles would serve little purpose if not 
for their attaehment to the bones and ability to move them. 


DEEPER INSIGHT 



Radioaetivity and Bone Cancer 

Radioaetivity captured the public imagination vvhen Marie and 
Pierre Curie and Henri Becquerel shared the 1903 Nobel Prize 
for its diseovery. Not for several deeades, hovvever, did anyone 
realize its dangers. Faetories employed vvomen to paint luminous 
numbers on vvateh and eloek dials vvith radium paint. As they 
moistened the paint brushes vvith their tongues to keep them 
finely pointed, the vvomen ingested radium. Their bones readily 
absorbed it and many of the vvomen developed osteosoreomo, 
the most eommon and deadly form of bone eaneer. 

Even more horrifie, in the vvisdom of hindsight, vvas a deadly 
health fad in vvhieh people drank “tonies” made of radium-enriched 
vvater. One famous enthusiast vvas the ehampion golfer and 
millionaire playboy Eben Byers (1880-1932), vvho drank several 
bottles of radium tonie eaeh day and praised its virtues as a vvonder 
drug and aphrodisiae. Like the faetory vvomen, Byers eontraeted 
osteosareoma. By the time of his death, holes had formed in 
his skull and doetors had removed his entire upper javv and most of 
his mandible in an effort to halt the spreading eaneer. Byers’s bones 
and teeth vvere so radioaetive they could expose photographie film 
in eomplete darkness. Brain damage left him unable to speak, but 
he remained mentally alert to the bitter end. His tragie deeline and 
death shoeked the vvorld and put an end to the radium tonie fad. 


Proteetion. Bones enelose and proteet such delieate organs 
and tissues as the brain, spinal eord, lungs, heart, pelvie 
viseera, and bone marrow. 

Blood formation. Red bone marrow is the major producer of 
blood eells, inehiding most eells of the immune system. 
Eleetrolyte balanee. The skeleton is the body’s main 
reservoir of calcium and phosphate. It stores these minerals 
and releases them when needed for other purposes. 

Aeid-base balanee. Bone buffers the blood against excessive 
pH ehanges by absorbing or releasing alkaline salts such as 
calcium phosphate. 

Detoxification. Bone tissue absorbs heavy metals and other 
foreign elements from the blood and thus mitigates their toxic 
effeets on other tissues. It ean later release these eontaminants 
more slowly for excretion. The tendeney of bone to absorb 
foreign elements ean, however, have terrible consequences 
(see Deeper Insight 6.1). 


Bones and Osseous Tissue 

The study of bone, or osseous 2 tissue, is ealled osteology . 3 Bone is a 
eonneetive tissue in which the matrix is hardened by the deposition 
of calcium phosphate and other minerals. The hardening proeess is 
ealled mineralization or ealeifieation. Osseous tissue, however, 


^skelet = dried up 


2 os, osse, oste = bone 

3 osteo = bone; logy = study of 
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is only one of the eomponents of a bone. Also present are blood, 
bone marrow, eartilage, adipose tissue, nervous tissue, and fibrous 
eonneetive tissue. The word bone ean denote an organ eomposed of 
all these eomponents, or it ean denote just the osseous tissue. 


General Features of Bones 

Bones have a wide variety of shapes eorrelated with their varied 
proteetive and loeomotor functions. Most of the eranial bones 
are in the form of thin curved plates ealled flat bones, such as 
the paired parietal bones that form the dome of the top of the 
head. The sternum (breastbone), scapula (shoulder blade), ribs, 
and hip bones are also flat bones. The most important bones in 
body movement are the long bones of the limbs—the humerus, 
radius, and ulna of the arm and forearm; the femur, tibia, and 
fibula of the thigh and leg; and the metaearpals, metatarsals, 
and phalanges of the hands and feet. Like crowbars, long 
bones serve as rigid levers that are aeted upon by skeletal 
muscles to produce the major body movements. The wrists and 
ankles have a total of 30 short bones (earpal and tarsal bones), 
which are approximately equal in length and width and which 
produce relatively limited gliding movements. The patella is 
also a short bone. Many bones, however, do not fit any of these 
eategories; these are eolleetively eonsidered irregular bones— 
the vertebrae and the sphenoid and ethmoid bones of the skull, 
for example. 

Figure 6.1 shows longitudinal seetions of a long bone. Much 
of it is eomposed of an outer shell of dense white osseous tissue 
ealled eompaet (dense) bone. The shell eneloses a spaee ealled the 
marrow eavity or medullary 4 (MED-you-lerr-ee) eavity, which 
eontains bone marrow. At the ends of the bone is a more loosely 
organized form of osseous tissue ealled spongy (cancellous) bone 
(see fig. 6.4). The skeleton is about three-quarters eompaet bone 
and one-quarter spongy bone by weight. Compact and spongy 
bone are deseribed later in more detail. 

The prineipal features of a long bone are its shaft, ealled the 
diaphysis 5 (dy-AF-ih-sis), and an expanded head at eaeh end, 
ealled the epiphysis 6 (eh-PIF-ih-sis). The diaphysis of a long bone 
provides leverage, whereas the epiphysis is enlarged to strengthen 
the joint and provide added surface area for the attaehment of 
tendons and ligaments. In ehildren and adoleseents, an epiphyseal 
(EP-ih-FIZZ-ee-ul) plate of hyaline eartilage separates the marrow 
eavities of the epiphysis and diaphysis. On X-rays, it appears as 
a transparent line at the end of a long bone (see fig. 6.10). The 
epiphyseal plate is a zone where the bones grow in length. It is not 
present in adults (see p. 143). 

Externally, most of the bone is eovered with a sheath ealled the 
periostemn . 7 This has a tough, outer fibrous layer of eollagen and 
an inner osteogenie layer of bone-forming eells. Some eollagen 
fibers of the outer layer are continuous with the tendons that 
bind muscle to bone, and some penetrate into the bone matrix 


4 medulla = marrovv; ary = pertaining to 

5 dia = aeross; physis = grovvth; originally named for a ridge on the shaft of the tibia 

6 ep/ = upon, above; physis = grovvth 

7 peri = around; oste = bone 
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Figure 6.1 Anatomy of a Long Bone. (a) The femur, with its soft 
tissues including bone marrow, articular eartilage, blood vessels, and 
periosteum. (b) A dried femur in longitudinal seetion. 

• Whot is the functionol signifieonee ofo long bone being wider ot the 
epiphyses thon ot the diophysis? 


as perforating fibers. The periosteum thus provides strong 
attaehment and continuity from muscle to tendon to bone. The 
osteogenie layer is important to the growth of bone and healing of 
fractures. Blood vessels of the periosteum penetrate into the bone 
through minute holes ealled nutrient foramina (for-AM-ih-nuh); 
we will traee where they go when we eonsider bone histology. 
The internal surface of a bone is lined with endosteum , 8 a thin 
layer of reticular eonneetive tissue with eells that deposit osseous 
tissue and others that dissolve it. 


8 endo = within; oste = bone 
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Figure 6.2 Anatomy of a Flat Bone. 


At most joints, the ends of the adjoining bones have no peri- 
osteum but rather a thin layer of hyaline eartilage, the articular 9 
eartilage. Together with a lubricating fluid seereted between the 
bones, this eartilage enables a joint to move far more easily than it 
would if one bone mbbed direetly against the other. 

Flat bones have a sandwichlike eonstmetion, with two layers of 
eompaet bone enelosing a middle layer of spongy bone (fig. 6.2). 
In the skull, the spongy layer is ealled the diploe 10 (DlP-lo-ee). 
A moderate blow to the skull ean fracture the outer layer of eom- 
paet bone, but the diploe sometimes absorbs the impaet and leaves 
the inner layer of eompaet bone unharmed. 


Before Yoii Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

1. Name five tissues found in a bone. 

2. List three or more functions of the skeletal system other 
than supporting the body and proteeting some of the inter- 
nal organs. 

3. Explain why X-rays of a ehild’s limbs exhibit a elear line 
between the epiphysis and diaphysis of a long bone. 

4. Explain the differenee between eompaet and spongy bone, 
and deseribe their spatial relationship to eaeh other in a 
long bone and a flat bone. 

5. State the anatomieal terms for the shaft, head, growth 
zone, and fibrous eovering of a long bone. 



9 artic = joint 
10 c//'p/o = double 



Histology of 
Osseous Tissue 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. list and deseribe the eells, fibers, and ground 
substance of bone tissue; 

b. state the functional importanee of eaeh constituent of 
bone tissue; 

e. eompare the histology of the two types of bone tissue; 
and 

d. distinguish between two types of bone marrow. 


Bone Cells 

Like any other eonneetive tissue, bone eonsists of eells, fibers, and 
ground substance. There are four types of bone eells (fig. 6.3): 

1. Osteogenie 11 (osteoprogenitor) eells are stem eells found 
in the endosteum, the inner layer of the periosteum, 

and within the eentral eanals, to be deseribed shortly. 

They arise from embryonie mesenehyme. Osteogenie 
eells multiply continually and give rise to the osteoblasts 
deseribed next. 

1 o 

2. Osteoblasts are bone-forming eells that synthesize the 
organie matter of the matrix and help to mineralize the bone. 
They line up in rows in the endosteum and inner layer of 
periosteum and resemble a cuboidal epithelium on the bone 
surface (see fig. 6.8). Osteoblasts are nonmitotie, so the only 
source of new osteoblasts is the osteogenie eells. Stress and 
fractures stimulate aeeelerated mitosis of those eells and 
therefore a rapid rise in the number of osteoblasts, which then 
reinforee or rebuild the bone. 

3. Osteoeytes are former osteoblasts that have beeome trapped 
in the matrix they deposited. They live in tiny eavities ealled 

1 Q 

lacunae, which are eonneeted to eaeh other by slender 
ehannels ealled canaliculi 14 (CAN-uh-LIC-you-lye). Eaeh 
osteoeyte has delieate eytoplasmie proeesses that reaeh 
into the canaliculi to meet the proeesses of neighboring 
osteoeytes. Adjaeent osteoeytes are joined by gap junctions 
at the tip of these proeesses. These junctions allow osteoeytes 
to pass nutrients and ehemieal signals to eaeh other and to 
transfer wastes to the nearest blood vessels for disposal. 
Osteoeytes also communicate by gap junctions with the 
osteoblasts on the bone surface. 

Osteoeytes have multiple functions. Some resorb bone 
matrix and others deposit it, so they contribute to the 


n osteo = bone; genie = producing 
12 osfeo = bone; blast = form, produce 
13 /oc = lake, hollow; una = little 
14 cono/ = eanal, ehannel; icul = little 
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Osteogenie eell 



(a) Osteoeyte development 


Stem eells 



(b) Osteoelast development 
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Osteoelast 


Nuclei 
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Figure 6.3 Bone eells and Their Development. (a) Osteogenie eells give rise to osteoblasts, which deposit matrix around themselves and 
transform into osteoeytes. (b) Bone marrow stem eells fuse to form osteoelasts. 


homeostatie maintenanee of both bone density and blood 
eoneentrations of calcium and phosphate ions. Perhaps even 
more importantly, they are strain sensors. When a load is 
applied to a bone, it produces a flow in the extracellular 
fluid of the lacunae and canaliculi. Osteoeytes have a 
little antenna—a solitary eilmm—that senses this fluid 
flow. This stimulates the osteoeytes to seerete bioehemieal 
signals that may regulate bone remodeling—adjustments in 
bone shape and density to adapt to stress. 

4. Osteoelasts 15 are bone-dissolving maerophages found 
on bone surfaces. They develop from the same bone 
marrow stem eells that give rise to blood eells. Several 
stem eells fuse with eaeh other to form an osteoelast; thus, 
osteoelasts are unusually large (up to 150 p,m in diameter) 
and typieally have 3 or 4 nuclei, but sometimes up to 50. 
The side of the osteoelast faeing the bone has a mffled 
border with many deep infoldings of the plasma membrane, 
inereasing its surface area. Hydrogen pumps in the mffled 
border seerete hydrogen ions (H + ) into the extracellular 
fluid, and ehloride ions (Cl _ ) follow by eleetrieal attraetion; 
thus, the spaee between the osteoelast and the bone 

15 osfeo = bone; elost = destroy, break down 


beeomes filled with hydroehlorie aeid (HC1). The HC1, 
with a pH of about 4, dissolves the minerals of the adjaeent 
bone. Lysosomes of the osteoelast then release enzymes 
that digest the organie eomponent. Osteoelasts often reside 
in little pits ealled resorption bays that they have etehed 
into the bone surface. 


Apply What You Know 

Considering the fiinetion of osteoblasts, what organelles do 
yoii think are espeeially abiindant in their eytoplasm? 


Matrix 

The matrix of osseous tissue is, by dry weight, about one-third 
organie and two-thirds inorganie matter. The organie matter includes 
eollagen and various large protein-earbohydrate complexes 
ealled glyeosaminoglyeans, proteoglyeans, and glyeoproteins. 
The inorganie matter is about 85% hydroxyapatite, a erystallized 
calcium phosphate salt [Ca 10 (PO 4 ) 6 (OH) 2 ]; 10% calcium earbonate 
(CaC0 3 ); and lesser amounts of magnesium, sodium, potassium, 
fluoride, sulfate, earbonate, and hydroxide ions. 
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Polymers, Ceramics, and Bones 

The physieal properties of bone ean be understood by analogy 
to some prineiples of engineering. Engineers use four kinds of 
eonstmetion materials: metals, eeramies (stone, glass, eement), 
polymers (rubber, plastie, cellulose), and eomposites (mixtures of 
two or more ofthe other elasses). Bone is a eomposite of polymer 
(protein) and eeramie (mineral). The protein gives it flexibility and 
resistanee to tension, while the mineral gives it resistanee to eom- 
pression. Owing to the mineral eomponent, a bone ean support 
the weight of the body without sagging, and owing to the protein 
eomponent, it ean bend a little when subjected to stress. 

Bone is somewhat like a fiberglass fishing rod, which is made 
of a eeramie (glass fibers) embedded in a polymer (resin). The 
fibers alone would be too flexible and limp to serve the purpose of 
a fishing rod, while the resin alone would be too brittle and would 
easily break. The eombination of the two, however, gives the rod 
strength and flexibility. llnlike fiberglass, however, the ratio of 
eeramie to polymer in a bone varies from one loeation to another, 
adapting osseous tissue to different amounts of tension and eom- 
pression exerted on different parts of the skeleton. 


The minerals and eollagen form a eomposite that gives bones 
a eombination of flexibility and strength similar to fiberglass (see 
Deeper Insight 6.2). The minerals resist eompression (emmbling 
or sagging when weight is applied). When bones are defieient 
in calcium salts, they soften and bend easily. Soft bones are 
eharaeteristie of a ehildhood disease ealled riekets, which occurs 
when a ehild is defieient in vitamin D and therefore eannot absorb 
enough dietary calcium to adequately harden the bones. The legs 
bow outward under the weight of the body. 

The eollagen fibers of bone give it the ability to resist tension, 
so the bone ean bend slightly without snapping. When you run, for 
example, eaeh time your body weight eomes down on one leg, 
the long bones in that leg bend slightly. Without eollagen, they 
would be so brittle they would eraek or shatter. Brittle bone disease 
dramatieally demonstrates the importanee of eollagen to bone 
strength (see Deeper Insight 3.3, p. 71). 


Compact Bone 

The histologieal study of eompaet bone usually uses sliees 
that have been dried, cut with a saw, and ground to translucent 
thinness. This procedure destroys the eells and much of the other 
organie eontent but reveals fine details of the inorganie matrix 
(fig. 6.4d). Cross seetions of eompaet bone show onionlike 
eoneentrie lamellae —layers of matrix eoneentrieally arranged 
around a eentral (haversian 16 or osteonie) eanal. A eentral eanal 
and its lamellae constitute an osteon (haversian system) —the 


basie structural unit of eompaet bone. In longitudinal seetions 
and three-dimensional reeonstmetions, we find that an osteon is a 
eylinder of tissue surrounding a eentral eanal. Along their length, 
eentral eanals are joined by transverse or diagonal passages ealled 
perforating eanals. The eentral and perforating eanals eontain 
blood vessels and nerves. Lacunae lie between adjaeent layers of 
matrix and are eonneeted with eaeh other by canaliculi. Canaliculi 
of the innermost lacunae open into the eentral eanal. 

In eaeh lamella, the eollagen fibers “corkscrew” down the 
matrix in a helieal pattern like the threads of a screw. The heliees 
eoil in one direetion in one lamella and in the opposite direetion in 
the next lamella. Like alternating layers of a sheet of ply wood, this 
makes the bone stronger and enables it to resist tension in multiple 
direetions. In areas where the bone must resist tension (bending), 
the helix is loosely eoiled like the threads on a wood screw and the 
fibers are more stretehed out on the longitudinal axis of the bone. 
In weight-bearing areas, where the bone must resist eompression, 
the helix is more tightly eoiled like the elosely spaeed threads on a 
bolt, and the fibers are more nearly transverse. 

The skeleton reeeives about half a liter of blood per 
minute. Blood vessels, along with nerves, enter the bone tissue 
through nutrient foramina on the surface. These open into 
perforating eanals that eross the matrix and lead to the eentral 
eanals. The wall of a eentral eanal looks as if it was piereed 
with innumerable pinholes. These are the openings from the 
canaliculi of the innermost lacunae. The osteoeytes elosest to 
the eentral eanal reeeive nutrients from the blood and pass them 
along through their gap junctions to neighboring osteoeytes. 
They also reeeive wastes from their neighbors and eonvey them 
to the eentral eanal for removal by the bloodstream. Thus, the 
eytoplasmie proeesses of the osteoeytes maintain a two-way 
flow of nutrients and wastes between the eentral eanal and the 
outermost eells of the osteon. 

Not all of the matrix is organized into osteons. The inner 
and outer boundaries of dense bone are arranged in circumfer- 
ential lamellae that run parallel to the bone surface. Between 
osteons, we ean find irregular patehes of interstitial lamellae, 
the remains of old osteons that broke down as the bone grew and 
remodeled itself. 


Spongy Bone 

Spongy bone eonsists of a lattiee of delieate-looking slivers of 
bone ealled spicules 17 (rods or spines, as in the photo on p. 131) 
and trabeculae 18 (thin plates as in fig. 6.4c). Although ealeified 
and hard, spongy bone is named for its porous appearanee; it 
is permeated by spaees filled with bone marrow. The matrix is 
arranged in lamellae like those of eompaet bone, but they are 
not arranged in eoneentrie layers, and there are few osteons. 
Central eanals are not needed here because no osteoeyte is 
very far from the blood supply in the marrow. Spongy bone 
is well designed to impart strength to a bone without adding 


16 Clopton Havers (1650-1702), English anatomist 


u spicul = dart, little point 
18 froòe = plate; cul = little 
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Figure 6.4 The Histology of Osseous Tissue. (a) Compact and spongy bone in a frontal seetion of the femur. (b) The three-dimensional structure 
of eompaet bone. Lamellae of one osteon are teleseoped to show their alternating arrangement of eollagen fibers. (e) Mieroseopie appearanee of 
spongy bone and bone marrow. (d) Mieroseopie appearanee of a eross seetion of eompaet bone. 

Wh\ch type ofosseous tissue hos more surfoce oreo exposed to osteoelost oetion? 



© Custom Medieal Stoek Photo/Newscom © Biophoto Assoeiates/Seienee Source 
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Figure 6.5 Spongy Bone Structure in Relation to Meehanieal 
Stress. In this frontal seetion of the femur, the trabeculae of spongy 
bone ean be seen oriented along lines of meehanieal stress applied by 
the vveight of the body. 


unnecessary weight. Its trabeculae are not randomly arranged, 
as they might seem at a glanee, but develop along the bone’s 
lines of stress (fig. 6.5). 


Bone Marrovv 

Bone marrow is a general term for the soft material that 
occupies the marrow eavity of a long bone, the spaees amid 
the trabeculae of spongy bone, and the largest of the eentral 
eanals. In a ehild, the medullary eavity of nearly every bone 
is filled with red bone marrow, which gets its eolor from an 
abundance of red blood eells. Although it is ealled myeloid 
tissue, red bone marrow is best regarded as an organ. Chapter 22 
(p. 617) deseribes the mieroseopie structure that justifies that 
assessment. Red bone marrow is also deseribed as hemopoietie 19 
(HE-mo-poy-ET-ie), or blood-forming, tissue. All types of 
blood eells are produced here, although some types are also 
produced in hemopoietie tissues elsewhere, such as the lymph 
nodes and thymus. 

With age, the red bone marrow is gradually replaeed by fatty 
yellow bone marrow, like the fat seen at the eenter of a ham 
bone. By early adulthood, red bone marrow is limited to the 
skull, vertebrae, sternum, ribs, part of the pelvie (hip) girdle, and 
the proximal heads of the humerus and femur; the rest of the 
skeleton eontains yellow marrow (fig. 6.6). Yellow bone marrow 
no longer produces blood, although in the event of severe or 
ehronie anemia, it ean transform baek into red marrow and 
resume that role. 


19 /?e/r?o = blood; poietie = forming 



Figure 6.6 Distribution of Red and Yellow Bone Marrow. In an 

adult, red bone marrow occupies the medullary eavities in the regions 
eolored red. Yellow bone marrow occurs in the long bones of the limbs. 
• Suppose red bone morrovv wos needed for tronsfusion to o 
patient. On the bosis ofthis illustrotion, suggest one or more optimol 
onotomieol sites for drowing red bone morrow from o donor. 


Before Yoii Go On 


Answer the following questions to testyour understanding ofthe 
preeeding seetion: 

6. Suppose you had unlabeled eleetron mierographs of the 
four kinds of bone eells and their neighboring tissues. 
Name eaeh of the four eells and explain how you could 
visually distinguish eaeh one from the other three. 

7. Name three organie eomponents of the bone matrix. 

8. What are the mineral erystals of bone ealled, and what are 
they made of? 

9. Sketeh a eross seetion of an osteon and label its major parts. 

10. What are the two kinds of bone marrow? What does hemo- 

poietie tissue mean? Which type of bone marrow fits this 
deseription? 
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Bone Development 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe two meehanisms of bone formation; 

b. explain how a ehild grows in height; and 

e. explain how mature bone continues to grow and 
remodel itself. 


The formation of bone is ealled ossifieation (OSS-ih-fih-CAY- 
shun), or osteogenesis. There are two methods of ossifieation— 
intramembranous and endoehondral. Both begin with the soft 
embryonie eonneetive tissue ealled mesenehyme (MEZ-en-kime). 


lntramembranous Ossifieation 

Intramembranous 20 (IN-tra-MEM-bruh-nus) ossifieation pro- 
duces the flat bones of the skull and most of the elaviele (eol- 
larbone). Such bones develop within a fibrous sheet similar to the 
dermis of the skin, so they are sometimes ealled dermal bones. 
Figure 6.7 shows the stages of the proeess. 

Mesenehyme first eondenses into a soft sheet of tissue 
permeated with blood vessels—the membrane to which 
intramembranous refers. Mesenehymal eells line up along 
the blood vessels, beeome osteoblasts, and seerete a soft 
collagenous osteoid tissue in the direetion away from 
the vessel. Osteoid tissue resembles bone but is not yet 
hardened by minerals ( ig. 6.8). 

Calcium phosphate and other minerals erystallize on the 
eollagen fibers of the osteoid tissue and harden the matrix. 
Continued osteoid deposition and mineralization squeeze 
the blood vessels and future bone marrow into narrower 
and narrower spaees. As osteoblasts beeome trapped in 
their own hardening matrix, they beeome osteoeytes. 

While the foregoing proeesses are going on, more of the 
mesenehyme adjaeent to the developing bone eondenses 
and forms a fibrous periosteum on eaeh surface. The 
spongy bone beeomes a honeyeomb of slender ealeified 
trabeculae. 

At the surfaces, osteoblasts beneath the periosteum deposit 
layers of bone, fill in the spaees between trabeculae, and 
ereate a zone of eompaet bone on eaeh side, as well as 
thiekening the bone overall. This proeess gives rise to the 
sandwichlike structure typieal of a flat eranial bone—a 
layer of spongy bone between two surface layers of 
eompaet bone. 






Intramembranous ossifieation also plays an important role in 
the lifelong thiekening, strengthening, and remodeling of the long 
bones discussed next. Throughout the skeleton, it is the method of 
depositing new tissue on the bone surface even past the age where 
our bones ean no longer grow in length. 


Endoehondral Ossifìeation 

Endoehondral 2 1 (EN-doe-CON-drul) ossifieation produces most 
other bones, including the vertebrae, ribs, scapulae, pelvie bones, 
bones of the limbs, and some parts of the skull. It begins around the 
sixth week of fetal development and continues into a person’s 20s. 
It is a proeess in which mesenehyme first differentiates into a 
hyaline eartilage model in the approximate shape of the bone to 
eome. The eartilage is then broken down and replaeed by osseous 
tissue. Many bones have complex shapes with several eenters of 
endoehondral ossifieation, so we will study this with one of the 
anatomieally simplest bones, a metaearpal bone from the palm 
of the fetal hand ( ig. 6.9). Correlate the following steps with the 
figure as you read. 

Mesenehyme develops into a body of hyaline eartilage, 
eovered with a fibrous perichondrium, in the loeation of 
a future bone. For a time, the perichondrium produces 
ehondroeytes and the eartilage model grows in thiekness. 

In a primary ossifieation eenter near the middle of this 
eartilage, ehondroeytes begin to inflate and die, while 
the thin walls between them ealeify. The perichondrium 
stops producing ehondroeytes and begins producing 
osteoblasts. These deposit a thin eollar of bone around 
the middle of the eartilage model, eneireling it like 
a napkin ring and providing physieal reinforeement. 

The former perichondrium is now eonsidered to be a 
periostemn. 

Blood vessels grow inward from the periosteum and 
invade the ossifieation eenter. Osteoelasts arrive in the 
blood and digest ealeified tissue in the shaft, hollowing 
it out and ereating the primary marrow eavity. 
Osteoblasts also arrive and deposit layers of bone lining 
the eavity, thiekening the shaft. As the bony eollar 
under the periosteum thiekens and elongates, a wave 
of eartilage death progresses toward the ends of the 
bone. Osteoelasts in the marrow eavity follow this wave, 
dissolving ealeified eartilage remnants and enlarging the 
marrow eavity of the diaphysis. The region of transition 
from eartilage to bone at eaeh end of the primary 
marrow eavity is ealled a metaphysis (meh-TAF-ih-sis). 
Soon, ehondroeyte enlargement and death occur in the 
epiphysis of the model as well, ereating a seeondary 
ossifieation eenter. 





20 intra = within; membran = membrane 


21 enc/o = within; ehondr = eartilage 
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Figure 6.7 lntramembranous Ossifieation. The figures are drawn to different seales, with the highest magnifieation and detail at the beginning 
and baeking off for a broader overview at the end of the proeess. 

• With the oid ofehopter 7, nome ot leost two speeifie bones thot form by this proeess. 
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Figure 6.8 lntramembranous Ossifieation of a Oranial Bone of 
the Human Fetus. Note the layers of osteoid tissue, osteoblasts, and 
fibrous periosteum on both sides of the bone. 



The seeondary ossifieation eenter hollows out by the same 
proeess as the diaphysis, generating a seeondary marrow 
eavity at the end of the bone. This eavity expands outward 
from the eenter, in all direetions. At the time of birth, the 
bone typieally looks like step 4 in figure 6.9. In bones with 
two seeondary ossifieation eenters, one eenter lags behind 
the other in development, so at birth there is a seeondary 
marrow eavity at one end, but ehondroeyte growth has 
just begun at the other. The joints of the limbs are still 


cartilaginous at birth, much as they are in the 12-week fetus 
in figure 7.30, p. 176. 

5) During infaney and ehildhood, the epiphyses fill with 
spongy bone. Cartilage is then limited to the articular 
eartilage eovering eaeh joint surface, and to the epiphyseal 
plate of eartilage separating the primary and seeondary 
marrow eavities at one or both ends of the bone. The plate 
persists through ehildhood and adoleseenee and serves as 

a growth zone for bone elongation. This growth proeess is 
deseribed in the next seetion. 

6) B y the late teens to early twenties, all remaining eartilage 
in the epiphyseal plate is generally consumed, and the gap 
between the epiphysis and diaphysis eloses. The primary 
and seeondary marrow eavities then unite into a single 
eavity. The bones ean grow no longer, and one attains his 
or her maximum adult height. The only remnants of the 
original eartilage model are the articular eartilages that 
eover the joint surfaces of the bone. 


Bone Grovvth 

Ossifieation does not end at birth, but continues throughout life 
with the growth and remodeling of bones. Bones grow in two 
direetions: length and width. 
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Figure 6.9 Stages of Endoehondral Ossifieation. A metaearpal bone ofthe hand. 

With the oid ofehopter 8, nome ot leost two speeifie bones thot would hove two 
epiphyseol plotes (proximol ond distol) ot stoge 5. 


Bone Elongation 

To understand growth in length, we must return to the epiphyseal 
plates mentioned earlier. On an X-ray, the plate appears as a translucent 
line aeross the end of a bone, sinee it is not yet ossified (fig. 6.10). 
It eonsists of a band of typieal hyaline eartilage in the middle and a 
metaphysis on eaeh side. In figure 6.9, steps 4 and 5, the eartilage is 
the blue region and eaeh metaphysis is violet. Even if one end of a 
bone laeks an epiphyseal plate, it has a metaphysis—the transitional 
zone between the epiphyseal eartilage and diaphyseal osseous tissue. 

At the metaphysis, the eartilage thiekens by eell division and 
enlargement and then undergoes replaeement by bone. Figure 6.11 
shows the histologieal structure of the metaphysis and the following 
steps in this proeess. 

(?) Zone of reserve eartilage. This region, farthest from the 
marrow eavity, eonsists of typieal resting hyaline eartilage. 

( 2 ) Zone of eell proliferation. A little eloser to the marrow 
eavity, ehondroeytes multiply and arrange themselves into 
longitudinal columns of flattened lacunae. 
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Zone of eell hypertrophy. Next, the ehondroeytes eease 
to multiply and begin to hypertrophy (enlarge), much like 
they do in the primary ossifieation eenter of the fetus. The 
walls of matrix between lacunae beeome very thin. 



Epiphyseal 
plate 

Figure 6.10 X-ray of a Child’s Hand. The cartilaginous epiphyseal 
plates are evident at the ends of the long bones. These will disappear 
and the epiphyses will fuse with the diaphyses by adulthood. Long 
bones of the hand and fingers develop only one epiphyseal plate. 


© Jim Wehtje/Getty Images RF 
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Figure 6.11 Zones of the Metaphysis. This mierograph shows the replaeement of eartilage with bone in the growth zone of a long bone. 
• Which two zones in this figure occount for the growth ofo ehild in height? 


(4^) Zone of ealeifieation. Minerals are deposited in the matrix 
between the columns of lacunae and ealeify the eartilage. 
These are not the permanent mineral deposits of bone, 
but only a temporary support for the eartilage that would 
otherwise soon be weakened by the breakdown of the 
enlarged lacunae. 

( 5 ) Zone of bone deposition. Within eaeh column, the walls 
between the lacunae break down and the ehondroeytes 
die. This eonverts eaeh column into a longitudinal ehannel 
(white spaees in the figure), which is immediately invaded 
by blood vessels and marrow from the marrow eavity. 
Osteoblasts line up along the walls of these ehannels and 
begin depositing eoneentrie lamellae of matrix, while 
osteoelasts dissolve the temporarily ealeified eartilage. 

The proeess of bone deposition in zone 5 ereates a region 
of spongy bone at the end of the marrow eavity faeing the 
metaphysis. This spongy bone remains for life, although with 
extensive lifelong remodeling. But around the perimeter of the 


marrow eavity, continuing ossifieation eonverts this spongy bone 
to eompaet bone. Osteoblasts lining the aforementioned ehannels 
deposit layer after layer of bone matrix, so the ehannel grows 
narrower and narrower. These layers beeome the eoneentrie 
lamellae of an osteon. Finally only a slender ehannel persists, the 
eentral eanal of a new osteon. As usual, osteoblasts trapped in the 
matrix beeome osteoeytes. 


Apply What You Know 

In a given osteon, which lamellae are the oldest—those 
immediately adjaeent to the eentral eanal or those around the 
perimeter of the osteon? Explain your answer. 


How does a ehild or adoleseent grow in height? Chondrocyte 
multiplication in zone 2 and hypertrophy in zone 3 continually push 
the zone of reserve eartilage (1) toward the ends of the bone, so the 
bone elongates. In the lower limbs, this proeess causes a person to 
grow in height, while bones of the upper limbs grow proportionately. 
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Thus, bone elongation is really a result of eartilage growth. 
Cartilage growth from within, by the multiplication of ehondroeytes 
and deposition of new matrix in the interior, is ealled interstitial 
growth. 22 The most eommon form of dwarfism results from a 
failure of eartilage growth in the long bones (see Deeper Insight 6.3). 

When the epiphyseal plate is depleted in the late teens to early 
twenties, it leaves a line of relatively dense spongy bone ealled 
the epiphyseal line, marking the former loeation of the plate 
(see figs. 6.1 and 6.9, step 6). Often a delieate ridge on the bone 
surface also marks this loeation. When the epiphyseal plate is 
depleted, we say that the epiphyses have “elosed” because no 
gap between the epiphysis and diaphysis is visible on an X-ray. 
Onee the epiphyses have all elosed in the lower limbs, a person 
ean grow no taller. The epiphyseal plates elose at different ages 
in different bones and in different regions of the same bone. The 
state of closure in various bones is often used in forensie seienee 
to estimate the age at death of a subadult skeleton. 


Bone Widening and Thiekening 

Bones also grow throughout life in diameter and thiekness. This 
involves a proeess ealled appositional growth, 23 the deposition of 
new tissue at the surface. Cartilages ean enlarge by both interstitial 
and appositional growth, but osseous tissue is limited to the 
appositional method. Embedded in a ealeified matrix, the osteoeytes 
have no room to spare for the deposition of more matrix internally. 

Appositional growth occurs by intramembranous ossifieation 
at the bone surface. Osteoblasts in the inner layer of periosteum 
deposit osteoid tissue on the bone surface, ealeify it, and beeome 
trapped in it as osteoeytes—much like the proeess in figure 6.8. 
They lay down matrix in layers parallel to the surface, not in 
eylindrieal osteons like those deeper in the bone. This proeess 
produces the surface layers of bone ealled circumferential 
lamellae, deseribed earlier. As a bone inereases in diameter, 
its marrow eavity also widens. This is aehieved by osteoelasts 
of the endosteum dissolving tissue on the inner bone surface. 
Therefore, we see that flat bones develop by intramembranous 
ossifieation alone, whereas long bones develop by a eombination 
of endoehondral and intramembranous ossifieation. 


Bone Remodeling 

In addition to their growth, bones are continually remodeled 
throughout life by the absorption of old bone and deposition 
of new. This proeess replaees about 10% of the skeletal tissue 
per year. It repairs microfractures, releases minerals into the 
blood, and reshapes bones in response to use and disuse. 
Wolff’s 24 law of bone states that the architecture of a bone is 
determined by the meehanieal stresses plaeed upon it, and the bone 
thereby adapts to withstand those stresses. Wolff’s law is a fine 
example of the eomplementarity of form and function, showing 
that the form of a bone is shaped by its functional experience. 
The effeet of stress on bone development is quite evident in tennis 
players, for example, in whom the bones of the raeket arm and the 


22 inter = betvveen; stit = to plaee, stand 

23 ap = ad = to, near; posit = to plaee 

24 Julius Wolff (1836-1902), German anatomist and surgeon 



Aehondroplastie Dvvarfism 

Aehondroplastie 25 (ah-eon-dro-PLAS-tie) dvvarfism is a eondi- 
tion in vvhieh the long bones of the limbs stop grovving in ehild- 
hood, vvhile the grovvth of other bones is iinaffeeted. As a result, 
a person has a short stature but a normal-sized head and trunk 
(fig. 6.12). As its name implies, aehondroplastie dvvarfism results 
from a failure of eartilage grovvth—speeifieally, failure of the 
ehondroeytes in zones 2 and 3 of the metaphysis to multiply 
and enlarge. This is different from pituitary dvvarfism, in vvhieh 
a defieieney of grovvth hormone stunts the grovvth of all of the 
bones and a person has short stature but normal proportions 
throughout the skeletal system. 

Aehondroplastie dvvarfism results from a spontaneous muta- 
tion that ean arise any time DNA is replieated. Tvvo people of 
normal height vvith no family history of dvvarfism ean therefore 
have a ehild vvith aehondroplastie dvvarfism. The mutant allele 
is dominant, so the ehildren of a heterozygous aehondroplastie 
dvvarf have at least a 50% ehanee of exhibiting dvvarfism, 
depending on the genotype of the other parent. 



Figure 6.12 Aehondroplastie Dwarfism. The student on 
the right, pictured with her roommate of normal height, is an 
aehondroplastie dwarf with a height of about 122 em (48 in.). 
Her parents were of normal height. Note the normal proportion 
of head to trunk but shortening of the limbs. 


25 o = without; ehondro = eartilage; plost = growth 
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elaviele on that side are more robust than those of the other side. 
Wolff’s law is admirably demonstrated by figure 6.5, in which we 
see that the trabeculae of spongy bone have developed along the 
lines of stress plaeed on the femur. Wolff observed that these stress 
lines were very similar to the ones that engineers already knew of 
in meehanieal eranes. 

Bone remodeling eomes about through the eollaborative aetion 
of osteoblasts and osteoelasts. If a bone is little used, osteoelasts 
remove matrix and get rid of unnecessary mass. If a bone is heavily 
used or a stress is eonsistently applied to a particular region of 
a bone, osteoblasts deposit new osseous tissue and thieken the 
bone. Consequently, the eomparatively smooth bones of an infant 
or toddler develop a variety of surface bumps, ridges, and spines 
(deseribed in ehapter 7) as the ehild begins to walk. The greater 
troehanter of the femur, for example (see fig. 6.5, p. 138; and 
fig. 8.10, p. 195), is a massive outgrowth of bone stimulated by 
the pull of tendons from several powerful hip muscles employed 
in walking. 

On average, bones have greater density and mass in athletes and 
people engaged in heavy manual labor than they do in sedentary 
people. Anthropologists who study aneient skeletal remains use 
evidenee of this sort to help distinguish between members of different 
soeial elasses, such as distinguishing aristoerats from laborers. Even 
in studying modern skeletal remains, as in investigating a suspicious 
death, Wolff’s law eomes into play as the bones give evidenee of a 
person’s sex, raee, height, weight, work or exercise habits, nutritional 
status, and medieal history. 

The orderly remodeling of bone depends on a preeise balanee 
between deposition and resorption, between osteoblasts and 
osteoelasts. If one proeess outpaces the other, or both proeesses 
occur too rapidly, various bone deformities, developmental 
abnormalities, and other disorders occur, such as osteitis deformans 
(Paget disease) and osteoporosis (see table 6.2, p. 148; and Deeper 
Insight 3.3, p. 71). 


Nutritional and Hormonal Faetors 

The balanee between bone deposition and resorption is influenced 
by nearly two dozen nutrients, hormones, and growth faetors. The 
most important faetors that promote bone deposition are as follows. 


Calcium and phosphate are needed as raw materials for the 
ealeified ground substance of bone. 

Vitamin A promotes synthesis of the glyeosaminoglyeans 
(GAGs) of the bone matrix. 

Vitamin C (aseorbie aeid) promotes the eross-linking of 
eollagen molecules in bone and other eonneetive tissues. 
Vitamin D (ealeitriol) is neeessary for calcium absorption by 
the small intestine, and it reduces the urinary loss of calcium 
and phosphate. Vitamin D is synthesized by one’s own body. 
The proeess begins when the ultraviolet radiation in sunlight 
aets on a eholesterol derivative (7-dehydroeholesterol) in 
the keratinoeytes of the epidermis. The product is pieked up 
by the bloodstream, and the liver and kidneys eomplete its 
eonversion to vitamin D. 

Calcitonin, a hormone seereted by the thyroid gland, 
stimulates osteoblast aetivity. It functions ehiefly in ehildren 


and pregnant women; it seems to be of little signifieanee in 
nonpregnant adults. 

• Growth hormone promotes intestinal absorption of calcium, 
the proliferation of eartilage at the epiphyseal plates, and the 
elongation of bones. 

• Sex steroids (estrogen and testosterone) stimulate osteoblasts 
and promote the growth of long bones, espeeially in 
adoleseenee. 

Bone deposition is also promoted by thyroid hormone, insulin, 
and loeal growth faetors produced within the bone itself. Bone 
resorption is stimulated mainly by one hormone: 

• Parathyroid hormone (PTH) is produced by four small 
parathyroid glands, which adhere to the baek of the thyroid 
gland in the neek. The parathyroid glands seerete PTH in 
response to a drop in blood calcium level. PTH stirmilates 
osteoblasts, which then seerete an osteoclast-stimulating 
faetor that promotes bone resorption by the osteoelasts. 

The prineipal purpose of this response is not to maintain 
bone eomposition but to maintain an appropriate level of 
blood calcium, without which a person ean suffer fatal 
muscle spasms. PTH also reduces urinary calcium losses 
and promotes ealeitriol synthesis. 


The Aging Skeletal System 

The predominant effeet of aging on the skeleton is a loss of bone 
mass and strength. After age 35 or 40, osteoblasts beeome less 
aetive than osteoelasts. The imbalanee between deposition and 
resorption leads to osteopenia, 26 the loss of bone; when the loss 
is severe enough to eompromise physieal aetivity and health, it is 
ealled osteoporosis (discussed in the next seetion). After age 40, 
women lose about 8% of their bone mass per deeade, and men lose 
about 3%. Bone loss from the jaws is a contributing faetor in tooth 
loss. Not only does bone density deeline with age, but the bones 
beeome more brittle as the osteoblasts synthesize less protein. 
Fractures occur more easily and heal more slowly. Arthritis, a 
family of joint disorders assoeiated with aging, is discussed in 
ehapter 9. 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

11. Deseribethe stages of intramembranous ossifieation. Name 
a bone that is formed in this way. 

12. Deseribe the five zones of a metaphysis and the major dis- 

tinetions between them. 

13. How does Wolff’s law explain some of the structural differ- 

enees between the bones of a young ehild and the bones 
of a young adult? 

14. Identify the nutrients most important to bone growth. 

15. Identify the prineipal hormones that stimulate bone growth. 


26 osfeo = bone; penio = laek, defieieney 
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Structural Disorders 
of Bone 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. name and deseribe the types of fractures; 

b. explain how a fracture is repaired; 

e. discuss the causes and effeets of osteoporosis; and 
d. briefly deseribe a few other structural defeets of the 
skeleton. 


or osteoporosis. Fractures are also elassified aeeording to the 
direetion of the fracture line, whether or not the skin is broken, and 
whether a bone is merely eraeked or is broken into separate pieees 

(table 6.1; fig. 6.13). 

Most fractures are set by elosed reduction, a procedure in which 
the bone fragments are manipulated into their normal positions 
without surgery. Open reduction involves the surgical exposure 
of the bone and the use of plates, screws, or pins to realign the 
fragments (fig. 6.14). To stabilize the bone during healing, 



Most people probably give little thought to their skeletal systems 
unless they break a bone, although many women know to be more 
eoneerned about a far more eommon bone disorder, osteoporosis. 
We end this ehapter with a eonsideration of these two pathologies. 

Fractures 

There are multiple ways of elassifying bone fractures. A stress 
fracture is a break caused by abnormal trauma to a bone, such 
as fractures incurred in falls, athleties, vehicular aeeidents, and 
military eombat. A pathologieal fracture is a break resulting from 
a stress that would not normally fracture a bone, but that occurs 
in bones weakened by some other disease such as bone eaneer 


When Notìo Eat Your Spinaeh 

Many a ehild has been exhorted, “Eat your spinaeh! It’s good for 
you.” Popeye the Sailor assured eartoon fans that it made him 
strong to the finish. There is one time, however, when eating 
spinaeh isn’tsuch a good idea. People with healing bonefractures 
are advised to avoid it. Why? Spinaeh is rieh in oxalate, an organie 
compound that binds calcium and magnesium in the digestive 
traet and interferes with their absorption. Consequently, oxalate 
ean deprive a fractured bone of the free calcium that it needs 
in order to heal. There are about 571 milligrams of oxalate 
per 100 grams of spinaeh. Some other foods high in oxalate are 
eoeoa (623 mg), rhubarb (447 mg), and beets (109 mg). 


TABLE 6.1 

eiassifìeation of Fractures 

Type 

Deseription 

Closed 

Skin is not broken (formerly ealled a simple fracture) 

Open 

Skin is broken; bone protrudes through skin or wound extends to fractured bone (formerly ealled a compound fracture) 

Complete 

Bone is broken into two or more pieees 

ineomplete 

Partial fracture that extends only partway aeross bone; pieees remain joined 

Nondisplaeed 

The portions of bone are still in eorreet anatomieal alignment (fig. 6.13a) 

Displaeed 

The portions of bone are out of anatomieal alignment (fig. 6.13b) 

Comminuted 

Bone is broken into three or more pieees (fig. 6.13c) 

Greenstiek 

Bone is bent toward one side and has ineomplete fracture on opposite side (fig. 6.13d) 

Hairline 

Fine eraek in which seetions of bone remain aligned; eommon in skull 

impaeted 

One bone fragment is driven into the marrow eavity or spongy bone of the other 

Depressed 

Broken portion of bone forms a eoneavity, as in skull fractures 

Linear 

Fracture parallel to long axis of bone 

Transverse 

Fracture perpendicular to long axis of bone 

Oblique 

Diagonal fracture, between linear and transverse 

Spiral 

Fracture spirals around axis of long bone as the result of a twisting stress such as a skiing aeeident 
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(c) Comminuted (d) Greenstiek 


Figure 6.13 X-rays of Representative Fracture Types. (a) Nondisplaeed 
fracture of the distal humerus in a 3-year-old. (b) Displaeed fracture 
of the tibia and fibula. (e) Comminuted fracture of the tibia and fibula. 
(d) Greenstiek fracture of the radius and ulna. 



Figure 6.14 Open Reduction of Ankle Fractures. Fractures of the 
tibia and fibula have been set by surgically exposing the bone and 
realigning the fragments with plates and screws. 

fractures are often set in fiberglass easts. Traetion is used to treat 
fractures of the femur in ehildren. It aids in the alignment of the 
bone fragments by overriding the foree of the strong thigh muscles. 
Traetion is rarely used for elderly patients, however, because the 
risks from long-term eonfinement to bed outweigh the benefits. 
Hip fractures are usually pinned, and early ambulation (walking) 
is encouraged because it promotes blood circulation and healing. 

An uncomplicated fracture heals in 8 to 12 weeks, but complex 
fractures take longer, and all fractures heal more slowly in older 
people. Figure 6.15 shows the healing proeess. Usually, a healed 
fracture leaves a slight thiekening of the bone visible by X-ray, but 
in some eases, healing is so eomplete that no traee of the fracture 
ean be found. 



Marrow 

eavity 


Hematoma 


Compact bone 



Fibroeartilage 


Soft callus 


New blood 
vessels 



Hard 

callus 

Spongy 

bone 



0 Hematoma formation 

The hematoma is eonverted 
to granulation tissue by invasion 
of eells and blood eapillaries. 


(2) Soft callus formation 

Deposition of eollagen and 
fibroeartilage eonverts granulation 
tissue to a soft callus. 


(3) Hard callus formation 

Osteoblasts deposit a temporary 
bony eollar around the fracture to 
unite the broken pieees while 
ossifieation occurs. 


(?) Bone remodeling 

Small bone fragments are 
removed by osteoelasts, while 
osteoblasts deposit spongy 
bone and then eonvert it to 
eompaet bone. 


Figure 6.15 Stages in the Healing of a Bone Fracture. 
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Osteoporosis 

Osteoporosis 27 (OSS-tee-oh-pore-OH-sis) is a disease in which 
bone density deelines to the extent that the bones beeome brittle 
and subject to pathologieal fractures. It involves the loss of 
proportionate amounts of organie matrix and minerals, espeeially 
from the spongy bone, sinee this is the most metabolieally aetive 
osseous tissue and has the greatest surface area exposed to 
osteoelast aetion. The bone that remains is histologieally normal, 
but insufficient in quantity to support the body’s weight and 
withstand normal stresses (fig. 6.16a). 

People with osteoporosis are espeeially subject to fractures of 
the hip, wrist, and vertebral column. Their bones may break under 
stresses as slight as sitting down too quickly. Among the elderly, 
slowly healing hip fractures ean impose prolonged immobility, 
which, in turn, may lead to fatal eomplieations such as pneumonia. 
Those who survive often faee a long, eostly reeovery. Spinal 
deformity is also a eommon consequence of osteoporosis. As the 
bodies of the vertebrae lose spongy bone, they beeome eompressed 
by body weight (fig. 6.16b). People eommonly lose height after 
middle age because of this, but those with osteoporosis often 
develop a more notieeable spinal deformity ealled kyphosis, 28 an 
exaggerated thoraeie curvature (“widow’s hump” or “dowager’s 
hump”) (fig. 6.16c). 

Those at greatest risk for osteoporosis are postmenopausal 
white women, espeeially those of light body build. Compared to 
men, they have less initial bone mass and begin to lose it at an earlier 
age. Bone loss aeeelerates after menopause, when the estrogen 
level deelines sharply. Estrogen supports bone mass by inhibiting 
osteoelast aetivity (bone resorption), but the ovaries no longer 
seerete it after menopause and the rate of bone resorption rises. By 


27 osteo = bone; por = porous; os/s = eondition 
28 kypho = bent, humpbacked; os/'s = eondition 


age 70, the average white woman has lost 30% of her bone mass, 
and some as much as 50%. Osteoporosis is less eommon among 
blaek women. Young blaek women have denser bone on average, 
and even though they too lose bone density after menopause, 
the loss usually doesn’t reaeh the threshold for osteoporosis and 
pathologieal fractures. About 20% of osteoporosis sufferers are 
men. Men produce estrogen in both the adrenal glands and testes. 
By age 70, 50% of men have estrogen levels below the threshold 
needed to maintain bone density. Osteoporosis also occurs among 
young female mnners, daneers, and gymnasts in spite of their 
vigorous exercise. Their pereentage of body fat is so low that 
they may stop ovulating, and their ovaries seerete unusually low 
levels of estrogen. Other risk faetors for osteoporosis include 
dietary defieieneies of ealemrn, vitamin D, and protein; inadequate 
exercise; smoking; and diabetes mellitus. 

Osteoporosis is now diagnosed with dual-energy X-ray absorp- 
tiometry (DEXA), which uses low-dose X-rays to measure bone 
density. DEXA has allowed for earlier diagnosis and more effee- 
tive dmg treatment. However, the severity of osteoporosis depends 
not on bone density alone, but also on the degree of eonneetivity 
between the spongy bone trabeculae, which is lost as trabeculae 
deteriorate. Neither DEXA nor any other diagnostie method yet 
available ean deteet this. 

Treatment of osteoporosis is aimed at slowing the rate of bone 
resorption. Estrogen-replaeement therapy has fallen out of favor 
because it raises the risk of breast eaneer, stroke, and eoronary 
artery disease. One of the current preferred treatments is a family of 
osteoelast-destroying dmgs ealled bis-phosphonates (trade names 
Fosamax, Aetonel). They ean inerease bone mass and cut the risk 
of fractures in half, but their safety is still being evaluated. Pulsed 
doses of parathyroid hormone or derivatives such as teriparatide 
(trade name Forteo) ean also inerease bone mass by stimulating 
osteoblasts, but eannot be used for longer than 2 years because of 
a risk of bone eaneer. 
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Figure 6.16 Spinal Osteoporosis. (a) Spongy bone in the body of a vertebra in good health (left) and with osteoporosis (right). (b) Colorized X-ray 
of lumbar vertebrae severely damaged by osteoporosis. (e) Abnormal thoraeie spinal curvature (kyphosis) due to eompression of thoraeie vertebrae 
with osteoporosis. 
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TABLE 6.2 


Structural Disorders of Bone 


Aeromegaly 


29 


Osteitis deformans 


(Paget 30 disease) 


Osteomalaeia 


A result of adult growth hormone hyperseeretion, resulting in thiekening of the bones and soft tissues, 
espeeially notieeable in the faee, hands, and feet. 

Excessive osteoelast proliferation and bone resorption, with osteoblasts attempting to eompensate by depositing extra 
bone. This results in rapid, disorderly bone remodeling and weak, deformed bones. Osteitis deformans usually passes 
unnoticed, but in some eases it causes pain, disfiguration, and fractures. It is most eommon in males over the age of 50 

Adult form of riekets, most eommon in poorly nourished women who have had multiple pregnaneies. Bones 
beeome softened, deformed, and more susceptible to fractures. 


Riekets 


Defeetive mineralization of bone in ehildren, usually as a result of insufficient sunlight or vitamin D, sometimes 
due to a dietary defieieney of calcium or phosphate or to liver or kidney diseases that interfere with ealeitriol 
synthesis. Causes bone softening and deformity, espeeially in the weight-bearing bones of the lower limbs. 


Disorders Deseribed Elsewhere 


Aehondroplastie dwarfism 143 
Brittle bone disease 71 
Fractures 145 


Osteopenia 144 
Osteoporosis 147 


The risk of osteoporosis is best minimized by weight-bearing 
exercise and ample calcium and protein intake early in life, 
espeeially in the 20s and 30s when the skeleton is building to its 
maximum mass. 

Other Structural Disorders 

Several additional bone disorders are summarized in table 6.2. 
Orthopedies 31 is the braneh of medieine that deals with the 
prevention and eorreetion of injuries and disorders of the bones, 


29 ocro = extremity; megoly = abnormal enlargement 
30 Sir James Paget (1814-99), English surgeon 
^ortho = straight; ped = ehild, foot 


joints, and muscles. As the word suggests, this field originated as 
the treatment of skeletal deformities in ehildren, but it is now much 
more extensive. It includes the design of artifieial joints and limbs 
and the treatment of athletie injuries. 

Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

16. Name and deseribe any five types of bone fractures. 

17. What is a callus? How does it contribute to fracture repair? 

18. List the major risk faetors for osteoporosis and deseribe 

some ways of preventing it. 



Assess Your Learning Outcomes 


To test your knowledge, discuss the folloyving 
topies with a study partner or in writing, 
ideally from memory. 

6.1 Tissues and Organs of the Skeletal 
System (p. 132) 

1. Components of the skeletal system, includ- 
ing but not limited to the bones 

2. Seven functions of the skeletal system 

3. The constituents of a bone, including but 
not limited to osseous tissue 


4. How bones are elassified by shape 

5. The spatial relationship between eompaet 
and spongy bone 

6. The parts of a typieal long bone 

7. The structure of a typieal flat bone 

6.2 Histology of Osseous Tissue (p. 134) 

1. The four kinds of eells found in a bone, and 
their respeetive origins and hmetions 

2. The speeialized structure of an osteoeyte 
and how this relates to the mieroseopie 
appearanee of the bone matrix 


3. The speeialized structure of an osteoelast 
and how this relates to its function 

4. The eomposition of the bone matrix and 
the eomplementary functional importanee 
of its organie and inorganie eomponents 

5. The structural organization of the matrix 
of eompaet bone, including the names of 
the features seen with the mieroseope 

6. The organization of spongy bone and how 
it eombines strength with lightness 

7. The two kinds of bone marrow, their loea- 
tions in the adult skeleton, and their func- 
tional differenees 
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6.3 Bone Development (p. 139) 

1. The two modes of bone development (ossi- 
fieation) and some bones that develop by 
eaeh method 

2. The stages of intramembranous ossifiea- 
tion, eonverting a soft mesenehymal sheet 
into a mature (usually flat) bone 

3. The stages of endoehondral ossifieation, 
replaeing a hyaline eartilage model with a 
mature bone 

4. Structural differenees between the endo- 
ehondral bones of adults and ehildren, espe- 
eially with regard to the epiphyseal plates 

5. The zones of tissue found in the metaphysis 
of a ehild or adoleseent; how they relate 


to the replaeement of eartilage by bone; 
how they relate to the person’s growth in 
height; and why a person eannot grow any 
taller after the end of adoleseenee 

6. How the endoehondral development of 
eompaet bone results in osteons with eon- 
eentrie lamellae arranged around the een- 
tral eanal 

7. How bones grow in thiekness and ehange 
shape even after they ean no longer grow 
in length 

8. What Wolff’s law implies about the ability 
of bone to adapt to ehanges in stress 

9. The nutrients needed for bone growth and 
maintenanee 


10. Hormones that regulate bone growth and 
remodeling 

11. The effeets of aging on the skeleton 

6.4 Structural Disorders of Bone (p. 145) 

1. The differenee between stress fractures 
and pathologieal fractures 

2. Terms for various types of fractures 

3. The two basie approaehes to elinieal treat- 
ment of a fracture 

4. The definition of osteoporosis and why 
this disease ean be such a serious eoneern 
for the elderly 

5. Osteoporosis risk faetors, prevention, 
diagnosis, and treatment 


Testing Your Reeall 


1. Which eells have a rnffled border and 
seerete hydroehlorie aeid? 

a. ehondroeytes d. osteoblasts 

b. osteoeytes e. osteoelasts 

e. osteogenie eells 

2. The medullary eavity of a ehild’s bone 
may eontain 

a. red bone marrow. 

b. hyaline eartilage. 
e. periosteum. 

d. osteoeytes. 

e. articular eartilages. 

3. The long bones of the limbs grow in length 
by eell proliferation and hypertrophy in 

a. the epiphysis. 

b. the epiphyseal line. 
e. the dense bone. 

d. the metaphysis. 

e. the spongy bone. 

4. Osteoelasts are most elosely related by 
eommon deseent to 

a. osteoeytes. d. fibroblasts. 

b. osteogenie eells. e. osteoblasts. 

e. monoeytes. 

5. The walls between eartilage lacunae break 
down in the zone of 

a. eell proliferation. 

b. ealeifieation. 

e. reserve eartilage. 

d. bone deposition. 

e. eell hypertrophy. 


6. Which of these does not promote bone 
deposition? 

a. dietary calcium 

b. vitamin D 

e. parathyroid hormone 

d. ealeitonin 

e. testosterone 

7. A ehild jumps to the ground from the top 
of a playground “jungle gym.” His leg 
bones do not shatter mainly because they 
eontain 

a. an abundance of glyeosaminoglyeans. 

b. young, resilient osteoeytes. 

e. an abundance of calcium phosphate. 

d. eollagen fibers. 

e. hydroxyapatite erystals. 

8. One long bone meets another at its 

a. diaphysis. d. metaphysis. 

b. epiphyseal plate. e. epiphysis. 

e. periosteum. 

9. Oaleitriol is made from 

a. ealeitonin. 

b. 7-dehydroeholesterol. 
e. hydroxyapatite. 

d. estrogen. 

e. PTH. 

10. One sign of osteoporosis is 

a. osteitis deformans. 

b. osteomalaeia. 

e. a stress fracture. 


d. kyphosis. 

e. a ealehim defieieney. 

11. Calcium phosphate erystallizes in bone as 

a mineral ealled_. 

12. Osteoeytes eontaet eaeh other through 

ehannels ealled_in the bone matrix. 

13. A bone inereases in diameter only by 

_growth, the addition of new surface 

lamellae. 

14. Most eompaet bone is organized in eylin- 

drieal units ealled_, eomposed of 

lamellae eneireling a eentral eanal. 

15. The_glands seerete a hormone that 

stirmilates eells to resorb bone and return 
its minerals to the blood. 

16. The ends of a bone are eovered with a layer 

of hyaline eartilage ealled the_. 

17. The eells that deposit new bone matrix are 

ealled_. 

18. The most eommon bone disease is_. 

19. The transitional region between epiphyseal 

eartilage and the primary marrow eavity of 
a young bone is ealled the_. 

20. The eranial bones develop from a flat sheet 

of eondensed mesenehyme in a proeess 
ealled_. 

Answers in appendix A 
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Building Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 

3. 

lae- 

8. 

artie- 

following word elements, and give an example 

4. 

-elast 

9. 

-icul 

ofa term in which it is used. 

5. 

-osis 

10. 

-oid 


6. 

dia- 



1. osteo- 

7. 

-logy 




2. diplo- 


Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. Spongy bone is normally eovered by eom- 
paet bone. 

2. Most bones develop from hyaline eartilage. 

3. Fractures are the most eommon bone 
disorder. 


Testing Your Comprehension 

1. Most osteoeytes of an osteon are far 
removed from blood vessels, but still 
reeeive blood-borne oxygen and mitrients. 
Explain how this is possible. 

2. Prediet what symptoms a person might 
experience if he or she suffered a degen- 
erative disease in which the articular 
eartilages were worn away and the fluid 
between the bones dried up. 


4. The growth zone of the long bones of ado- 
leseents is the articular eartilage. 

5. Osteoelasts develop from osteoblasts. 

6. Osteoeytes develop from osteoblasts. 

7. The protein of the bone matrix is ealled 
hydroxyapatite. 

8. Blood vessels travel through the eentral 
eanals of eompaet bone. 


3. One of the more eommon fractures in ehil- 
dren and adoleseents is an epiphysealfrae- 
ture, in which the epiphysis of a long bone 
separates from the diaphysis. Explain why 
this would be more eommon in ehildren 
than in adults. 

4. Deseribe how the arrangement of trabecu- 
lae in spongy bone demonstrates the eom- 
plementarity of form and function. 


9. Yellow bone marrow has a hemopoietie 
function. 

10. Parathyroid hormone promotes bone resorp- 
tion and raises blood calcium eoneentration. 

Answers in appendix A 


5. Identify two bone diseases you would 
expect to see if the epidermis was a eom- 
pletely effeetive barrier to UV radiation 
and a person took no dietary supplements to 
eompensate for this. Explain your answer. 
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A 


knowledge of skeletal anatomy will be useful as you 
study later ehapters. It provides a point of referenee 
for studying the gross anatomy of other organ sys- 
tems because many organs are named for their relationships 
to nearby bones. The subclavian artery and vein, for example, 
are adjaeent to the elaviele; the temporalis muscle is attaehed 
to the temporal bone; the ulnar nerve and radial artery travel 
beside the ulna and radius of the forearm; and the frontal, pari- 
etal, temporal, and oeeipital lobes of the brain are named for 
adjaeent bones of the cranium. An understanding of how the 
muscles produce body movements also depends on knowl- 
edge of skeletal anatomy. In addition, the positions, shapes, 
and proeesses of bones ean serve as landmarks for a elinieian 
in determining where to give an injeetion or reeord a pulse, 
what to look for in an X-ray, or how to perform physieal therapy 
and other medieal procedures. 



Overview of 
the Skeleton 


Expected Learníng Outcomes 

When you have eompleted this seetion, you should be able to 

a. define the two subdivisions of the skeleton; 

b. state the approximate number of bones in the adult body; 
e. explain why this number varies with age and from one 

person to another; and 

d. defìne several terms that denote surface features of bones 



The skeleton (fig. 7.1) is divided into two regions: axial and appen- 
dicular. The axial skeleton, studied in this ehapter, forms the een- 
tral supporting axis of the body and includes the skull, vertebral 
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Figure 7.1 The Adult Skeleton. The appendicular skeleton is eolored green, and the rest is axial skeleton. AP| R 
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column, ribs, and sternum. The appendicular skeleton, studied in 
ehapter 8, includes the bones of the upper limb and peetoral girdle, 
and bones of the lower limb and pelvie girdle. 

Bones of the Skeletal System 

It is often stated that there are 206 bones in the skeleton, but 
this is only a typieal adult count, not an invariable number. At 
birth, there are about 270, and even more bones form during 
ehildhood. With age, however, the number deereases as separate 
bones fuse. For example, eaeh side of a ehild’s pelvie girdle has 
three bones—the iliiim, ischium, and pubis —but in adults, these 
are fused into a single hip (coxal) bone on eaeh side. The fusion 
of several bones, eompleted by late adoleseenee to the mid-20s, 
brings about the average adult number of 206. These bones are 
listed in table 7.1. 

The number varies even among adults. One reason is the 
development of sesamoid * 1 bones —bones that form within eer- 
tain tendons in response to stress. The patella (kneeeap) is the 
largest of these; most of the others are small, rounded bones 
in such loeations as the hands and feet (see fig. 8.14c, p. 198). 
Another reason for adult variation is that some people have extra 
bones in the skull ealled sutural (SOO-chure-ul), or wormian, 2 3 
bones (see fig. 7.6). 


^sesom = sesame seed; oid = resembling 
2 Ole Worm (1588-1654), Danish physieian 


Anatomieal Features of Bones 

Bones exhibit a variety of ridges, spines, bumps, depressions, eanals, 
pores, slits, eavities, and articular surfaces, often ealled bone mark- 
ings. It is important to know the names of these features because 
later deseriptions of joints, muscle attaehments, and the routes 
traveled by nerves and blood vessels are based on this terminol- 
ogy. The terms for the most eommon of these features are listed in 
table 7.2, and several of them are illustrated in figure 7.2. 

As you study the skeleton, use yourself as a model. You ean 
easily palpate (feel) many of the bones and some of their details 
through the skin. Rotate your forearm, eross your legs, palpate 
your skull and wrist, and think about what is happening beneath 
the surface or what you ean feel through the skin. You will gain 
the most from this ehapter (and indeed, the entire book) if you are 
conscious of your own body in relation to what you are studying. 

Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. Name the major eomponents of the axial skeleton. Name 
those of the appendieiilar skeleton. 

2. Explain why an adult does not have as many bones as a 
ehild does. Explain why one adult may have more bones 
than another adult of the same age. 

3. Briefly deseribe eaeh ofthefollowing bonefeatures: eondyle, 
epieondyle, proeess, tubercle, fossa, sulcus, and foramen. 
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TABLE 7.2 


Surface Features (Markings) of Bones 


Term 


Canal 

Condyle 

Crest 

Epieondyle 

Faeet 

Fissure 

Foramen 

Fossa 

Line (linea) 

Meatus 

Proeess 

Protuberance 

Sinus 

Spine 

Sulcus 

Tubercle 


Deseription and Example 

A tubular passage or tunnel in a bone (auditory eanal of the skull) 

A rounded knob (oeeipital eondyles of the skull) 

A narrow ridge (iliae erest of the pelvis) 

A flare superior to a eondyle (medial epieondyle of the femur) 

A smooth joint surface that is flat or only slightly eoneave or convex (articular faeets of the vertebrae) 
A slit through a bone (orbital fissures behind the eye) 

A hole through a bone, usually round (foramen magnum of the skull) 

A shallow, broad, or elongated basin (infraspinous fossa of the scapula) 

A raised, elongated ridge (nuchal lines of the skull) 

A eanal (external acoustic meatus of the temporal bone) 

Any bony prominenee (mastoid proeess of the skull) 

A bony outgrowth or protruding part (mental protuberance of the ehin) 

A eavity within a bone (frontal sinus of the skull) 

A sharp, slender, or narrow proeess (spine of the scapula) 

A groove for a tendon, nerve, or blood vessel (intertubercular sulcus of the humerus) 

A small, rounded proeess (greater tubercle of the humerus) 


Tuberosity 


A rough surface (tibial tuberosity) 


Lines 


Meatus- 

Proeess 
Condyle 
Spine — 



Crest 

Sinuses 

Foramen 

Alveolus 
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(a) Skull (lateral view) 
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(b) Scapula (posterior view) 
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Figure 7.2 Anatomieal Features of Bones. Most of these also occur on many other bones of the body. 
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The Skull 


Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. distinguish between eranial bones and faeial bones; 

b. name the bones of the skull and identify the 
anatomieal features of eaeh; 

e. identify the eavities within the skull and in some of its 
individual bones; 

d. name the prineipal sutures that join bones of the skull; 

e. deseribe some bones that are elosely assoeiated with 
the skull; and 

f. deseribe some adaptations of the skull for upright 
loeomotion. 


The skull is the most complex part of the skeleton. Figures 7.3 
through 7.6 present an overview of its general anatomy. Although 
the skull may seem to eonsist of only the mandible (lower jaw) and 
“the rest,” it is eomposed of 22 bones and sometimes more. Most 
of them are rigidly joined by sutures (SOO-chures), joints that 
appear as seams on the eranial surface (fig. 7.4). These are impor- 
tant landmarks in the deseriptions that follow. 

The skull eontains several prominent eavities (fig. 7.7). The 
largest, with an adult volume of about 1,300 mL, is the eranial 
eavity, which eneloses the brain. Other eavities include the orbits 
(eye soekets), nasal eavity, paranasal sinuses, oral eavity (mouth 


or buccal eavity), and middle- and inner-ear eavities. The parana- 
sal sinuses are named for the bones in which they occur (fig. 7.8) — 
the frontal, ethmoid, sphenoid, and maxillary sinuses. These 
sinuses are eonneeted with the nasal eavity, lined by a mucous 
membrane, and filled with air. They lighten the anterior portion 
of the skull and aet as ehambers that add resonanee to the voiee. 

Bones of the skull have espeeially conspicuous foramina— 
singular, foramen (fo-RAY-men)—holes that allow passage for 
nerves and blood vessels. The major foramina are summarized in 
table 7.3. The details of this table will mean more to you when you 
study eranial nerves and blood vessels in later ehapters. 


Cranial Bones 

Cranial bones are those that enelose the brain; eolleetively, they 
eompose the cranium 3 4 (brainease). The delieate brain tissue does 
not eome direetly into eontaet with the eranial bones, but is sepa- 
rated from them by three membranes ealled the meninges (meh- 
NIN-jeez) (see ehapter 15). The thiekest and toughest of these, the 
dura mater A (DUE-rah MAH-tur), lies loosely against the inside of 
the cranium in most plaees but is firmly attaehed to it at a few points. 

The cranium is a rigid structure with an opening, the foramen 
magnum (literally “big hole”), where the spinal eord meets the brain. 
The cranium eonsists of two major parts—the ealvaria and the base. 
The ealvaria 5 (skullcap) is not a speeifie bone but simply the dome of 
the top of the head, eomposed of parts of multiple bones (see fig. 7.6). 


3 crani = helmet 

4 dura = tough, strong; mater = mother 

5 calvar = bald, skull 


(Text continues on p. 159) 
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Figure 7.3 The Skull (Anterior View). 











































156 


part t wo Support and Movement 


Parietal bone 


Lambdoid suture 


Sphenoid bone 
Oeeipital bone 


Squamous suture 
Temporal bone 
Zygomatie proeess 


External acoustic meatus 


Mastoid proeess 


Styloid proeess 


Mandibular eondyle 



(a) Right lateral view 


Ooronal suture 

Frontal bone 
Temporal lines 


Ethmoid bone 

Nasal bone 
Laerimal bone 

Zygomatieofaeial foramen 

Infraorbital foramen 

Zygomatie bone 
Maxilla 

Temporal proeess 

Mandible 
Mental foramen 


Parietal bone 


Squamous suture 


Oeeipital bone- 
Temporal bone 


Sella turcica 


Lambdoid suture 


Internal acoustic meatus 


Jugular foramen 


Hypoglossal eanal 


Key 


Ethmoid b. 


Maxilla 


Frontal b. 


Nasal b. 



Laerimal b 



Mandible 


Oeeipital b 


Parietal b. 



Sphenoid b. 
Temporal b. 



Vomer 


Zygomatie b 



(b) Median seetion 


Ooronal suture 
Frontal bone 

Sphenoid sinus 

Frontal sinus 

Orista galli 

Oribriform plate of 
ethmoid bone 

Perpendicular plate 
of ethmoid bone 

Nasal bone 
Vomer 

Palatine proeess 
of maxilla 

Maxilla 

Palatine bone 
Mandible 

Mental spines 


Figure 7.4 The Skull (Lateral Surface and Median Seetion). 
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Figure 7.5 TheBaseoftheSkull. jAPl R 
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Figure 7.6 TheCalvaria, Superior View. AP!R 
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Figure 7.7 Major eavities of the Skull, Frontal Seetion. 

• Whot is the function ofthe nosol eonehoe? 
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Figure 7.8 The Paranasal Sinuses. 

• Ifthese sinuses did not exist, it would require signifieontly more effort to hold the heod ereet. Exploin. 






















































chapter seven The Skeletal System II: Axial Skeleton 


159 


TABLE 7.3 Foramina of the Skull and the Nerves and Blood Vessels Transmitted Through Them 

Bones 

Foramina* 

Structures Transmitted 

Frontal bone 

Siipraorbital foramen or noteh 

Supraorbital nerve, artery, and vein; ophthalmie nerve 

Parietal bone 

Parietal foramen 

Emissary vein of superior sagittal sinus 

Temporal bone 

Oarotid eanal 

Internal earotid artery 


External acoustic meatus 

Sound vvaves to eardrum 


Internal acoustic meatus 

Vestibulocochlear and faeial nerves; internal auditory vessels 


Stylomastoid foramen 

Faeial nerve 


Mastoid foramen 

Meningeal artery; vein from sigmoid sinus 

Temporal-oeeipital region 

Jugular foramen 

Internal jugular vein; glossopharyngeal, vagus, and aeeessory nerves 

Temporal-oeeipital-sphenoid region 

Foramen lacerum 

No major nerves or vessels; elosed by eartilage 

Oeeipital bone 

Foramen magnum 

Spinal eord; aeeessory nerve; vertebral arteries 


Hypoglossal eanal 

Hypoglossal nerve to muscles of tongue 


Condylar eanal 

Vein from transverse sinus 

Sphenoid bone 

Foramen ovale 

Mandibular division of trigeminal nerve; aeeessory meningeal artery 


Foramen rotundum 

Maxillary division of trigeminal nerve 


Foramen spinosum 

Middle meningeal artery; spinosal nerve; part of trigeminal nerve 


Optie eanal 

Optie nerve; ophthalmie artery 


Superior orbital fissure 

Oculomotor, troehlear, and abducens nerves; ophthalmie division 
of trigeminal nerve; ophthalmie veins 

Ethmoid bone 

Olfaetory foramina 

Olfaetory nerves 

Maxilla 

Infraorbital foramen 

Infraorbital nerve and vessels 


ineisive foramen 

Nasopalatine nerves 

Maxilla-sphenoid region 

Inferior orbital fissure 

Infraorbital nerve; zygomatie nerve; infraorbital vessels 

Laerimal bone 

Laerimal foramen 

Tear duct leading to nasal eavity 

Palatine bone 

Greater palatine foramen 

Palatine nerves 

Zygomatie bone 

Zygomatieofaeial foramen 

Zygomatieofaeial nerve 


Zygomatieotemporal foramen 

Zygomatieotemporal nerve 

Mandible 

Mental foramen 

Mental nerve and vessels 


Mandibular foramen 

Inferior alveolar nerves and vessels to the lower teeth 


*When two or more bones are listed together (for example, temporal-oeeipital), it indieates that the foramen passes between them. 


In study skulls, it is often sawed so that the top ean be lifted off 
for examination of the interior. This reveals the base (floor) of 
the eranial eavity (see fig. 7.5b), which exhibits three depressions 
ealled eranial fossae. These eorrespond to the contour of the infe- 
rior surface of the brain (fig. 7.9). The relatively shallow anterior 
eranial fossa is ereseent-shaped and aeeommodates the frontal 
lobes of the brain. The middle eranial fossa, which drops abmptly 
deeper, is shaped like a pair of outstretched bird wings and aeeom- 
modates the temporal lobes. The posterior eranial fossa is deep- 
est and houses a large posterior division of the brain ealled the 
cerebellum. 


There are eight eranial bones: 

1 frontal bone 1 oeeipital bone 

2 parietal bones 1 sphenoid bone 

2 temporal bones 1 ethmoid bone 

Frontal Bone 

The frontal bone extends from the forehead baek to a prominent eor- 
onal suture, which erosses the crown of the head from right to left and 
joins the frontal bone to the parietal bones (see figs. 7.3 and 7.4). The 
frontal bone forms the anterior wall and about one-third of the roof of 
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(a) Superior view 


Figure 7.9 Cranial Fossae. The three fossae eonform to the contours of the base of the brain. 


(b) Lateral view 


the eranial eavity, and it turns inward to form nearly all of the anterior 
eranial fossa and the roof of the orbit. Deep to the eyebrows it has a 
ridge ealled the supraorbital margin. The eenter of eaeh margin is 
perforated by a single supraorbital foramen (see figs. 7.3 and 7.14), 
which provides passage for a nerve, artery, and vein. In some people, 
the edge of this foramen breaks through the margin of the orbit and 
forms a supraorbital noteh. The smooth area of the frontal bone just 
above the root of the nose is ealled the glabella . 6 The frontal bone also 
eontains the frontal sinus, but you may not see this on all study skulls. 
On some skulls, the ealvaria is cut too high to show it, and some peo- 
ple simply do not have one. Along the cut edge of the ealvaria, you 
ean also see the diploe (DlP-lo-ee)—the layer of spongy bone in the 
middle of the eranial bones (see fig. 7.5b). 

Parietal Bones 

The right and left parietal (pa-RYE-eh-tul) bones form most of 
the eranial roof and part of its walls (see figs. 7.4 and 7.6). Eaeh 
is bordered by four sutures that join it to the neighboring bones: 
(1) the sagittal suture between the parietal bones; (2) the eoro- 
nal 7 suture at the anterior margin; (3) the lambdoid 8 (LAM-doyd) 
suture at the posterior margin; and (4) the squamous suture lat- 
erally. Small sutural (wormian) bones are often seen along the 
sagittal and lambdoid sutures, like little islands of bone with the 
suture lines passing around them. Internally, the parietal and fron- 
tal bones have markings that look a bit like aerial photographs of 
river tributaries (see fig. 7.4b). These represent plaees where the 
bone has been molded around blood vessels of the meninges. 

Externally, the parietal bones have few features. A parietal 
foramen sometimes occurs near the eorner of the lambdoid and 


6 glab = smooth 

7 corona = crown 

8 lambd = the Greek letter lambda (X); oid = resembling 


sagittal sutures (see fig. 7.6). A pair of slight thiekenings, the 
superior and inferior temporal lines, forms an are aeross the pari- 
etal and frontal bones (see fig. 7.4a). The temporal lines mark the 
attaehment of the large, fan-shaped temporalis muscle, a chewing 
muscle that inserts on the mandible (see fig. 11.6a, p. 274). 

Temporal Bones 

If you palpate your skull just above and anterior to the ear—that 
is, the temporal region—you ean feel the temporal bone, which 
forms the lower wall and part of the floor of the eranial eavity 
(fig. 7.10). The temporal bone derives its name from the faet that 
people often develop their first gray hairs on the temples with the 
passage of time. 9 The relatively complex shape of the temporal 
bone is best understood by dividing it into four parts: 

1. The squamous 10 part (which you just palpated) is relatively 
flat and vertieal. It is eneireled by the squamous suture. It 
bears two prominent features: (a) the zygomatie proeess, 
which extends anteriorly to form part of the zygomatie areh 
(eheekbone); and (b) the mandibular fossa, a depression 
where the mandible articulates with the cranium. 

2. The tympanie 11 part is a small plate of bone that borders the 
opening of the external acoustic meatus (me-AY-tus), the 
ear eanal. It has a pointed spine on its inferior surface, the 
styloid proeess, named for its resemblanee to the stylus used 
by aneient Greeks and Romans to write on wax tablets. The 
styloid proeess provides attaehment for muscles of the tongue, 
pharynx, and hyoid bone. 


9 tempor = time 

w squom = flat; ous = eharaeterized by 
^tympon = drum (eardrum); /e = pertaining to 
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Figure 7.10 The Right Temporal Bone. The lateral surface faees the sealp and 
external ear; the medial surface faees the brain. 



3. The mastoid 3 4 * * * * * * * 12 part lies posterior to the tympanie part. It 
bears a heavy mastoid proeess, which you ean palpate as 

a prominent lump behind the earlobe. It is filled with small 
air sinuses that communicate with the middle-ear eavity. 
These sinuses are subject to infeetion and inflammation 
(mastoiditis), which ean erode the bone and spread to the 
brain. Inferiorly, there is a groove ealled the mastoid noteh 
medial to the mastoid proeess (see fig. 7.5a). It is the origin 
of the digastrie muscle, a muscle that opens the mouth. 

The noteh is perforated by the stylomastoid foramen at its 
anterior end and the mastoid foramen at its posterior end. 

4. The petrous 13 part ean be seen in the eranial floor, where 

it resembles a little mountain range separating the middle 

eranial fossa from the posterior fossa (see figs. 7.5b and 

7.10b). It houses the middle- and inner-ear eavities. The 

internal acoustic meatus opens on its posteromedial surface; 

this eanal is the passage for the vestibulocochlear (vess- 

TIB-you-lo-COC-lee-ur) nerve, which earries sensations 

of hearing and balanee from the inner ear to the brain. On 

the inferior surface of the petrous part are two prominent 

foramina named for the major blood vessels that pass 


through them (see fig. 7.5a): (1) The earotid eanal 
is a passage for the internal earotid artery, a major 
blood supply to the brain. This artery is so elose to 
the inner ear that you may be able to hear the pulsing 
of its blood when your ear is resting on a pillow or 
your heart is beating hard. (2) The jugular foramen 
is a large, irregular opening just medial to the styloid 
proeess, between the temporal and oeeipital bones. 
Blood from the brain drains through this foramen into 
the internal jugular vein of the neek. Three eranial 
nerves also pass through this foramen. 

Oeeipital Bone 

The oeeipital (oc-SIP-ih-tul) bone forms the rear of 
the skull (occiput) and much of its base (see fig. 7.5). 
Its most conspicuous feature is the foramen magnum, 
where the spinal eord meets the brainstem. An important 
eonsideration in head injuries is swelling of the brain. 
Sinee the cranium eannot enlarge, swelling puts pres- 
sure on the brain and results in even more tissue damage. 
Severe swelling may foree the brainstem out through the 
foramen magnum, usually with fatal consequences. 

The oeeipital bone continues anterior to this as a 
thiek median plate, the basilar part. On eaeh side of the 
foramen magnum is a smooth knob ealled the oeeipital 
eondyle (CON-dile), where the skull rests on the ver- 
tebral column. Passing like a tunnel beneath eaeh eon- 
dyle is a hypoglossal 14 eanal, named for the hypoglossal 
nerve that passes through it to innervate the muscles of 
the tongue. In some people, a eondylar (CON-dih-lur) 
eanal occurs posterior to eaeh oeeipital eondyle. 

Internally, the oeeipital bone displays impressions left by large 
venous sinuses that drain blood from the brain (see fig. 7.5b). 
One of these grooves travels along the midsagittal line. Just 
before reaehing the foramen magnum, it branehes into right and 
left grooves that wrap around the oeeipital bone like outstretched 
arms, approaehing eaeh ear before terminating at the jugular 
foramina. The sinuses that occupy these grooves are deseribed in 

table 21.3 (p. 579). 

Other features of the oeeipital bone ean be palpated on the baek 
of your head. One is a prominent median bump ealled the external 
oeeipital protuberance —the attaehment for the nuchal 15 (NEW- 
kul) ligament, which binds the skull to the vertebral column. A 
ridge, the superior nuchal line, ean be traeed horizontally from 
this protuberance toward the mastoid proeess (see fig. 7.5a). It 
defines the superior limit of the neek and provides attaehment for 
several neek and baek muscles to the skull. It forms the boundary 
where, in palpating the upper neek, you feel the transition from 
muscle to bone. By pulling down on the oeeipital bone, some of 
these muscles help to keep the head ereet. The deeper inferior 
nuchal line provides attaehment for some of the deep neek mus- 
eles. This inconspicuous ridge eannot be palpated on the living 
body but is visible on an isolated skull. 


u most = breast; oid = resembling 
13 pefr = stone, roek; ous = like 


14 /?ypo = below; gloss = tongue 
u nucho = baek of the neek 
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Sphenoid Bone 

The sphenoid 16 (SFEE-noyd) bone has a complex shape with a 
thiek median body and outstretched greater and lesser wings, 
which give the bone as a whole a ragged mothlike shape. Most of it 
is best seen from the superior perspeetive (fig. 7.1 la). In this view, 
the lesser wings form the posterior margin of the anterior eranial 
fossa and end at a sharp bony erest, where the sphenoid drops 
abmptly to the greater wings. The greater wings form about half of 
the middle eranial fossa (the temporal bone forming the rest) and 
are perforated by several foramina, to be discussed shortly. 

The greater wing forms part of the lateral surface of the era- 
nium just anterior to the temporal bone (see fig. 7.4a). The lesser 
wing forms the posterior wall of the orbit and eontains the optie 
eanal, which permits passage of the optie nerve and ophthalmie 
artery (see fig. 7.14). Superiorly, a pair of bony spines of the lesser 
wing ealled the anterior elinoid proeesses appears to guard the 
optie foramina. A gash in the posterior wall of the orbit, the supe- 
rior orbital fissure, angles upward lateral to the optie eanal. It 
serves as a passage for three nerves that supply the muscles of eye 
movement. 

The body of the sphenoid bone eontains a pair of sphenoid 
sinuses and has a saddlelike surface feature named the sella 
turcica 17 (SEL-la TUR-sih-ca). The sella turcica eonsists of a 
deep pit ealled the hypophyseal fossa, which houses the pituitary 
gland (hypophysis); a raised anterior margin ealled the tubercu- 
lum sellae (too-BUR-cu-lum SEL-lee); and a posterior margin 
ealled the dorsum sellae. In life, the dura mater stretehes over 


m sphen = vvedge; oid = resembling 
17 se//o = saddle; turcica = Turkish 


the sella turcica and attaehes to the anterior elinoid proeesses. 
A stalk penetrates the dura to eonneet the pituitary gland to the 
floor of the brain. 

Lateral to the sella turcica, the sphenoid is perforated by sev- 
eral foramina (see fig. 7.5). The foramen rotundum and foramen 
ovale (oh-VAY-lee) are passages for two branehes of the trigemi- 
nal nerve. The foramen spinosmn, about the diameter of a peneil 
lead, provides passage for an artery of the meninges. An irregular 
gash ealled the foramen lacerum 18 (LASS-eh-mm) occurs at the 
junction of the sphenoid, temporal, and oeeipital bones. It is filled 
with eartilage in life and transmits no major vessels or nerves. 

In an inferior view of the skull, the sphenoid ean be seen just 
anterior to the basilar part of the oeeipital bone (see fig. 7.5a). 
The internal openings of the nasal eavity seen here are ealled the 
posterior nasal apertures, or ehoanae 19 (eo-AH-nee). Lateral to 
eaeh aperture, the sphenoid bone exhibits a pair of parallel plates— 
the medial and lateral pterygoid 20 (TERR-ih-goyd) plates. Eaeh 
plate has a narrow inferior extension ealled the pterygoid proeess 
(see fig. 7.5a). The plates provide attaehment for some of the 
chewing muscles. 

Ethmoid Bone 

The ethmoid 21 (ETH-moyd) bone is an anterior eranial bone 
loeated between the eyes (fig. 7.12). It contributes to the medial 
wall of the orbit, the roof and walls of the nasal eavity, and the 


]8 lacerum = torn, laeerated 
]9 choana = funnel 
20 pterygo = vving 

2 ^ethmo = sieve, strainer; oid = resembling 
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Figure 7.11 The Sphenoid Bone. |APIR] 


















































chapter seven The Skeletal System II: Axial Skeleton 


163 


Cribriform 

plate 

Cribriform 

foramina 


Orbital plate 


Ethmoid 
air eells 


Perpendicular 

plate 



Orista galli 


Superior 
nasal eoneha 


Middle 

nasal eoneha 



Figure 7.12 The Ethmoid Bone, Anterior View. 



nasal septum. It is a very porous and delieate bone, with three 
major portions: 

1. The vertieal perpendicular plate, a thin median plate 
that forms the superior two-thirds of the nasal septum (see 
fig. 7.4b). (The lower part is formed by eartilages and 
the vomer, discussed later.) The septum divides the nasal 


eavity into right and left air spaees ealled the nasal fossae 
(FOSS-ee). The septum is often curved, or deviated, toward 
one nasal fossa or the other. 

2. A horizontal eribriform 22 (CRIB-rih-form) plate, which 
forms the roof of the nasal eavity. This plate has a median 
erest ealled the erista galli 23 (GAL-eye), an attaehment 
point for the dura mater. On eaeh side of the erista is an 
elongated depressed area perforated with numerous holes, the 
eribriform (olfaetory) foramina. A pair of olfaetory bulbs 
of the brain, eoneerned with the sense of smell, rests in these 
depressions, and the foramina allow passage for olfaetory 
nerves from the nasal eavity to the bulbs (see Deeper 
Insight 7.1). 

3. The labyrinth, a large mass on eaeh side of the perpendicular 
plate. The labyrinth is named for the faet that internally, 

it has a maze of air spaees ealled the ethmoidal eells. 
Collectively, these constitute the ethmoid sinus discussed 
earlier. The lateral surface of the labyrinth is a smooth, 
slightly eoneave orbital plate seen on the medial wall of 
the orbit (see fig. 7.14). The medial surface of the labyrinth 
gives rise to two curled, seroll-like plates of bone ealled 
the superior and middle nasal eonehae 24 (CON-kee), or 
turbinates. These projeet into the nasal fossa from its lateral 
wall toward the septum (see figs. 7.7 and 7.13). There is also 
a separate inferior nasal eoneha, discussed later. The three 
eonehae occupy most of the spaee in the nasal eavity. 


22 cribri = sieve; form = in the shape of 
23 cristo = erest; galli = of a rooster 
24 conchae = eonehs (large marine snails) 
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Figiire 7.13 The Left Nasal Fossa (Sagittal Seetion with Nasal Septum Removed). APl 
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shape to the faee; and provide attaehment for the muscles of faeial 
expression and mastieation. There are 14 faeial bones: 


lnjury to the Ethmoid Bone 

The ethmoid bone is very delieate and easily injured by a sharp 
upward blow to the nose, such as a person might suffer by strik- 
ing an automobile dashboard in a eollision. The foree of a blow 
ean drive bone fragments through the eribriform plate into the 
meninges or brain tissue. Such injuries are often evideneed by 
leakage of eerebrospinal fluid into the nasal eavity, and may be 
followed by the spread of infeetion from the nasal eavity to the 
brain. Blows to the head ean also shear off the olfaetory nerves 
that pass through the ethmoid bone and cause onosmio, an irre- 
versible loss of the sense of smell and a great reduction in the 
sense of taste (most of which depends on smell). This not only 
deprives life of some of its pleasures, but ean also be dangerous, 
as when a person fails to smell smoke, gas, or spoiled food. 


By filling spaee and ereating turbulence in the flow of 
inhaled air, they ensure that the air eontaets the mucous 
membranes that eover these bones, which eleanses, 
humidifies, and warms the inhaled air before it reaehes the 
lungs. The superior eoneha and adjaeent part of the nasal 
septum also bear the sensory eells of smell. 

Usually, all that ean be seen of the ethmoid is the perpendicu- 
lar plate, by looking into the nasal eavity (see fig. 7.3); the orbital 
plate, by looking at the medial wall of the orbit (fig. 7.14); and the 
erista galli and eribriform plate, viewed from within the eranial 
eavity (see fig. 7.5b). 


Faeial Bones 

Faeial bones do not enelose the brain but lie anterior to the era- 
nial eavity. They support the orbital, nasal, and oral eavities; give 


2 maxillae 
2 palatine bones 
2 zygomatie bones 
2 laerimal bones 


2 nasal bones 
2 inferior nasal eonehae 
1 vomer 
1 mandible 


Maxillae 

The maxillae (mae-SILL-ee) are the largest faeial bones. They 
form the upper jaw and meet eaeh other at a median intermaxil- 
lary suture (see figs. 7.3, 7.4a, and 7.5a). Small points of maxil- 
lary bone ealled alveolar proeesses grow into the spaees between 
the bases of the teeth. The root of eaeh tooth is inserted into a deep 
soeket, or alveolus. Even though the teeth are preserved with the 
skull, they are not bones. They are discussed in detail in ehapter 24. 

Eaeh maxilla extends from the teeth upward to the inferomedial 
wall of the orbit. Just below the orbit, it exhibits an infraorbital 
foramen, which provides passage for a blood vessel to the faee and 
a nerve that reeeives sensations from the nasal region and eheek. 
This nerve emerges through the foramen rotundum into the era- 
nial eavity. The maxilla forms part of the floor of the orbit, where 
it exhibits a gash ealled the inferior orbital fissure that angles 
downward and medially (fig. 7.14). The inferior and superior 
orbital fissures form a sideways V whose apex lies near the optie 
eanal. The inferior orbital fissure is a passage for blood vessels and 
sensory nerves from the faee. 

The palate forms the roof of the mouth and floor of the nasal 
eavity. It eonsists of a bony hard palate in front and a fleshy 
soft palate in the rear. Most of the hard palate is formed by hori- 
zontal extensions of the maxillae ealled palatine (PAL-uh-tine) 
proeesses (see fig. 7.5a). Just behind the ineisors (front teeth) is a 
pair of ineisive foramina. The palatine proeesses normally meet at 
the intermaxillary suture at about 12 weeks of fetal development. 
Failure to join causes eleft palate (see table 7.5, p. 179). 
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Figiire 7.14 The Left Orbit (Anterior View). ;.AP| Rj 
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Evolutionary Signifieanee of the Palate 

ln most vertebrates, the nasal passages open into the oral eav- 
ity. Mammals, by eontrast, have a palate that separates the nasal 
and oral eavities. In order to maintain our high metabolie rate, we 
must digest our food rapidly; in order to do this, we chew it thor- 
oughly to break it up into small, easily digested partieles before 
swallowing it. We would be unable to breathe freely during this 
prolonged chewing if we laeked a palate to separate the airflow 
from the oral eavity. 


Palatine Bones 

The palatine bones are loeated in the posterior nasal eavity (fig. 7.13). 
Eaeh one has an L shape formed by a horizontal plate and a perpen- 
dicular plate. The horizontal plates form the posterior one-third of the 
bony palate (see fig. 7.5a). Eaeh is marked by a large greater palatine 
foramen, a nerve passage to the palate. The perpendicular plate is 
a thin, delieate, irregularly shaped plate that forms part of the wall 
between the nasal eavity and the orbit (see fig. 7.12). 

Zygomatie Bones 

The zygomatie 25 bones, colloquially ealled the eheekbones, form 
the angles of the eheeks inferolateral to the eyes and part of the 
lateral wall of eaeh orbit; they extend about halfway to the ear (see 
figs. 7.4a and 7.5a). Eaeh zygomatie bone has an inverted T shape 
and usually a small zygomatieofaeial (ZY-go-MAT-ih-eo-FAY- 
shul) foramen near the interseetion of the stem and erossbar of 
the T. The prominent zygomatie areh that flares from eaeh side of 
the skull is formed by the union of the zygomatie bone, temporal 
bone, and maxilla. 


Laerimal Bones 

The laerimal 26 (LACK-rih-mul) bones form part of the medial 
wall of eaeh orbit (fig. 7.14). These are the smallest bones of the 
skull, about the size of a small fingernail. A depression ealled the 
laerimal fossa houses a membranous laerimal sae in life. Tears 
from the eye eolleet in this sae and drain into the nasal eavity. 


Nasal Bones 

Two small rectangular nasal bones form the bridge of the nose 
(see fig. 7.3) and support eartilages that shape the lower portion of 
the nose. They are only slightly larger than the laerimal bones. If 
you palpate the bridge, you ean easily feel where the nasal bones 
end and the eartilages begin. The nasal bones are often fractured 
by blows to the nose. 


Inferior Nasal Conchae 

There are three eonehae in the nasal eavity. The superior and mid- 
dle eonehae, as discussed earlier, are parts of the ethmoid bone. 
The inferior nasal eoneha —the largest of the three—is a separate 
bone (fig. 7.13). 


25 zygo = to join, unite 
26 locrim = tear, to ery 


Vomer 

The vomer forms the inferior portion of the nasal septum (see 
figs. 7.3 and 7.4b). Its name literally means u plowshare,” which 
refers to its resemblanee to the blade of a plow. The superior half 
of the nasal septum is formed by the perpendicular plate of the 
ethmoid bone, as mentioned earlier. The vomer and perpendicular 
plate support a wall of septal eartilage that forms most of the ante- 
rior part of the septum. 

Mandible 

The mandible (fig. 7.15) is the strongest bone of the skull and the 
only one that ean move signifieantly. It supports the lower teeth 
and provides attaehment for muscles of mastieation and faeial 
expression. The horizontal portion, bearing the teeth, is ealled 
the body; the vertieal to oblique posterior portion is the ramus 
(RAY-mus)—plural, rami (RAY-my); and these two portions meet 
at a eorner ealled the angle. The point of the ehin is the mental 
protuberance. The inner (posterior) surface of the mandible in 
this region has a pair of small points, the mental spines, which 
serve for attaehment of eertain ehin muscles (see fig. 7.4b). On the 
anterolateral surface of the body, the mental foramen permits the 
passage of nerves and blood vessels of the ehin. The inner surface 
of the body has a number of shallow depressions and ridges to 
aeeommodate muscles and salivary glands. The angle of the man- 
dible has a rough lateral surface for insertion of the masseter, a 
muscle of mastieation. Like the maxilla, the mandible has pointed 
alveolar proeesses between the teeth. 

The ramus is somewhat Y-shaped. Its posterior braneh, ealled the 
eondylar (CON-dih-lur) proeess, bears the mandibular eondyle— 
an oval knob that articulates with the mandibular fossa of the tempo- 
ral bone. This articulation is the jaw joint, or temporomandibular 
joint (TMJ). The anterior braneh of the ramus is a blade ealled the 
eoronoid proeess. It serves for insertion for the temporalis muscle, 
which pulls the mandible upward when you bite. The U-shaped areh 
between the two proeesses is ealled the mandibular noteh. Just 
below the noteh, on the medial surface of the ramus, is the man- 
dibular foramen, a passage for a nerve and blood vessels that enter 
the bone here to reaeh the lower teeth (see fig. 7.4b). 
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Figure 7.15 The Mandible. APlR 























166 


part t wo Support and Movement 


Hyoid 


Larynx 



Styloid proeess 


Stylohyoid muscle 


Greater horn 


Figure 7.16 The Hyoid Bone. 

Why would o froctured hyoid bone be o eommon finding in strongulotion 



Bones Assoeiated with the Skiill 

Seven bones are elosely assoeiated with the skull but not eonsidered 
part of it. These are the three auditory ossieles in eaeh middle-ear 
eavity and the hyoid bone beneath the ehin. The auditory 
ossieles 27 —named the malleus (hammer), incus (anvil), and stapes 
(STAY-peez) (stirmp)—are discussed in eonneetion with hearing in 
ehapter 17. The hyoid 28 bone is a slender U-shaped bone between 
the ehin and larynx (fig. 7.16). It is one of the few bones that does 
not articulate with any other. The hyoid is suspended from the sty- 
loid proeesses of the skull, somewhat like a hammoek, by the small 
stylohyoid muscles and stylohyoid ligaments. The medial body of 
the hyoid is flanked on either side by projeetions ealled the greater 
and lesser horns. The larynx (voiee box) is suspended from the 
hyoid bone by a broad ligament (see fig. 23.4, p. 636), and the hyoid 
serves also for attaehment of several muscles that eontrol the larynx, 
mandible, and tongue. Forensie pathologists look for a fractured 
hyoid as evidenee of strangulation. 

Adaptations of the Skull for Bipedalism 

Some mammals ean stand, hop, or walk briefly on their hind legs, 
but humans are the only mammals that are habitually bipedal. Effi- 
eient bipedal loeomotion is possible only because of several adapta- 
tions of the feet, legs, vertebral column, and skull. The human head 
is balaneed on the vertebral eohimn with the gaze direeted forward. 
This was made possible in part by an evolutionary remodeling of the 
skull. The foramen magnum moved to a more inferior loeation in the 
course of human evolution, and the faee is much flatter than an ape’s 
faee, so there is less weight anterior to the oeeipital eondyles and the 
head has less tendeney to tip forward ( ig. 7.17). 


27 os = bone; iele = little 

28 hy = the letter U; oid = resembling 
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Figure 7.11 AdaptationsoftheSkullfor Bipedalism. Comparison 
of ehimpanzee and human skulls. The foramen magnum is shifted 
rostrally and the faee is flatter in humans. Thus, the skull is balaneed on 
the vertebral column and the gaze is direeted forward when a person is 
standing. 


Before You Go On 


Answer the following questions to testyour understanding ofthe 
preeeding seetion: 

4. Name the paranasal sinuses and state their loeations. 
Name any four other eavities in the skull. 

5. Explain the differenee between a eranial bone and a faeial 
bone. Give four examples of eaeh. 

6. Draw an oval representing a superior view of the ealvaria. 
Draw lines representing the eoronal, lambdoid, and sag- 
ittal sutures. Label the four bones separated by these 
sutures. 

7. State which bone has eaeh of these features: a squamous 
part, hypoglossal foramen, greater horn, greater wing, eon- 
dylar proeess, and eribriform plate. 

8. Palpate as many of the following structures as possible, 
and identify which ones eannot normally be palpated on 
a living person: the mastoid proeess, erista galli, superior 
orbital fissure, palatine proeesses, zygomatie bone, mental 
protuberance, and stapes. 
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The Vertebral Column 
and Thoraeie Cage 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be 

able to 

a. deseribe the general features of the vertebral column 
and those of a typieal vertebra; 

b. deseribe the structure of the intervertebral dises and 
their relationship to the vertebrae; 

e. deseribe the speeial features of vertebrae in different 
regions of the vertebral column, and discuss the 
functional signifieanee of the regional differenees; 

d. relate the shape of the vertebral column to upright 
loeomotion; and 

e. deseribe the anatomy of the sternum and ribs and how 
the ribs articulate with the thoraeie vertebrae. 


General Features of the Vertebral Column 

The vertebral column (spine) physieally supports the skull and 
trunk, allows for their movement, proteets the spinal eord, and 
absorbs stresses produced by walking, mnning, and lifting. It also 
provides attaehment for the limbs, thoraeie eage, and postural mus- 
eles. Although eommonly ealled the baekbone, it eonsists not of a 
single bone but a ehain of 33 vertebrae with intervertebral dises 
of fibroeartilage between most of them. The adult vertebral eol- 
umn averages about 71 em (28 in.) long, with the 23 intervertebral 
dises accounting for about one-quarter of the length. Most people 
are about 1 % shorter when they go to bed at night than when they 
first rise in the morning. This is because during the day, the weight 
of the body eompresses the intervertebral dises and squeezes water 
out of them. When one is sleeping, with the weight off the spine, 
the dises reabsorb water and swell. 

As shown in figure 7.18, the vertebrae are divided into five 
groups: 7 eervieal (SUR-vih-cul) vertebrae in the neek, 12 thoraeie 
vertebrae in the ehest, 5 lumbar vertebrae in the lower 
baek, 5 saeral vertebrae at the base of the spine, and 4 tiny 
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Figure 7.18 The Vertebral Column. ^P|R] 


Figure 7.19 Curvatures of the Adult Vertebral Column. 
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eoeeygeal (coc-SIDJ-ee-ul) vertebrae. All mammals have 7 eervieal 
vertebrae—even the giraffe, with its fantastieally long neek. To 
help remember the numbers of eervieal, thoraeie, and lumbar 
vertebrae—7, 12, and 5—you might think of a typieal workday: 
Leave for work at 7, have lunch at 12, and go home at 5. 

Variations in this arrangement occur in about 1 person in 20. 
For example, the last lumbar vertebra is sometimes ineorporated 
into the saemm, producing 4 lumbar and 6 saeral vertebrae. In 
other eases, the first saeral vertebra fails to fuse with the see- 
ond, producing 6 lumbar and 4 saeral vertebrae. The eervieal and 
thoraeie vertebrae are more eonstant in number. 

Beyond the age of 3 years, the vertebral eolrnnn is slightly 
S-shaped, with four bends ealled the eervieal, thoraeie, lum- 
bar, and pelvie curvatures (fig. 7.19). The thoraeie and pelvie 
curvatures are ealled primary curvatures because they are pres- 
ent at birth, when the spine has a single C-shaped curvature. The 
eervieal and lmnbar curvatures are ealled seeondary curvatures 
because they develop later, in the ehild’s first few years of crawl- 
ing and walking, as deseribed later in this ehapter. The resulting 
S shape makes sustained bipedal walking possible because the 
tmnk of the body does not lean forward as it does in primates 
such as a ehimpanzee; the head is balaneed over the body’s eenter 
of gravity; and the eyes are direeted straight forward (fig. 7.20). 
Abnormal lateral or anterior-posterior spinal curvatures are among 
the most eommon baek problems (see Deeper Insight 7.3). 



ehimpanzee 


Figure 7.20 Comparison 

of ehimpanzee and Human 
Vertebral Columns. The 

S-shaped human vertebral 
column is an adaptation for 
bipedal loeomotion. 


Human 


DEEPER INSIGHT 


Abnormal Spinal Curvatures 



Abnormal spinal curvatures (fig. 7.21) ean result from abdominal 
weight gain in obesity or pregnaney; poor posture; weakness 
or paralysis of the trunk muscles; some diseases; or eongenital 
defeets in vertebral anatomy. The most eommon deformity is an 
abnormal lateral curvature ealled seoliosis. It occurs most often in 
the thoraeie region, particularly among adoleseent girls. It some- 
times results from a developmental abnormality in which the body 
and areh of a vertebra fail to develop on one side. If the person’s 
skeletal growth is not yet eomplete, seoliosis ean be eorreeted 
with a baek braee. 

An exaggerated thoraeie curvature is ealled kyphosis (hunch- 
baek, in lay language). It is usually a result of osteoporosis, but 
it also occurs in people with osteomalaeia or spinal tuberculo- 
sis and in adoleseents who engage heavily in such sports as 
wrestling and weight lifting. An exaggerated lumbar curvature 
is ealled lordosis (swayback). It ean have the same causes as 
kyphosis, or it ean result from added abdominal weight in preg- 
naney or obesity. 




Figure 7.2 Abnormal Spinal Curvatures. (a) Seoliosis, an 
abnormal lateral deviation. (b) Kyphosis, an exaggerated thoraeie 
curvature eommon in old age. (e) Lordosis, an exaggerated lumbar 
curvature eommon in pregnaney and obesity. 


(a) Seoliosis 



(b) Kyphosis 

(“hunchback”) 


(e) Lordosis 

(“swayback”) 
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General Structure of a Vertebra 

A representative vertebra and intervertebral dise are shown in 
figure 7.22. The most obvious feature of a vertebra is the body, 
or eentriim —a mass of spongy bone and red bone marrow eov- 
ered with a thin shell of eompaet bone. This is the weight-bearing 
portion of the vertebra. Its rough superior and inferior surfaces 
provide firm attaehment for the intervertebral dises. 


Apply What You Know 

The lower we look on the vertebral column, the larger the 
vertebral bodies and intervertebral dises are. What is the 
functional signifieanee of this trend? 


Posterior to the body of eaeh vertebra is an ovoid to triangular 
spaee ealled the vertebral foramen. Collectively, these foram- 
ina form the vertebral eanal, a passage for the spinal eord. The 
foramen is bordered by a bony vertebral areh eomposed of two 
parts on eaeh side, a pillarlike pediele 29 and platelike lamina. 30 
Extending from the apex of the areh, a projeetion ealled the spinous 
proeess is direeted toward the rear and downward. You ean see 
and feel the spinous proeesses as a row of bumps along the spine. 


29 ped = foot; /e/e = little 
30 lomino = layer, plate 
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Figure 7.27 A Representative Vertebra and Intervertebral Dise, 
Superior Views. (a) A typieal vertebra. (b) An intervertebral dise 
oriented the same way as the vertebral body in part (a) for eomparison. 
(See figs. 7.23 and 7.25b for lateral views.) 



A transverse proeess extends laterally from the point where the 
pediele and lamina meet. The spinous and transverse proeesses 
provide points of attaehment for spinal muscles and ligaments. 

A pair of superior articular proeesses projeet upward 
from one vertebra and meet a similar pair of inferior articular 
proeesses that projeet downward from the vertebra above 
(fig. 7.23a). Eaeh proeess has a flat articular surface (faeet) fae- 
ing that of the adjaeent vertebra. These proeesses restriet twisting 
of the vertebral column, which could otherwise severely damage 
the spinal eord. 

Where two vertebrae are joined, they exhibit an opening 
between their pedieles ealled the intervertebral foramen. This 
allows passage for spinal nerves that eonneet with the spinal 
eord at regular intervals. Eaeh foramen is formed by an inferior 
vertebral noteh in the pediele of the superior vertebra and a supe- 
rior vertebral noteh in the pediele of the one below it (fig. 7.23b). 


Intervertebral Dises 

An intervertebral dise is a cartilaginous pad loeated between the 
bodies of two adjaeent vertebrae. It eonsists of an inner gelatinous 
nucleus pulposus surrounded by a ring of fibroeartilage ealled 
the anulus fibrosus (fig. 7.22). There are 23 dises—the first one 
between eervieal vertebrae 2 and 3 and the last one between the last 
himbar vertebra and the saemm. The dises help to bind adjaeent 
vertebrae together, enhanee spinal flexibility, support the weight of 
the body, and absorb shoek. Under stress—for example, when you 
lift a heavy weight—the dises bulge laterally. Excessive stress ean 
cause a herniated dise (see p. 180). 


Regional Characteristics of Vertebrae 

We are now prepared to eonsider how vertebrae differ from one 
region of the vertebral column to another and from the generalized 
anatomy just deseribed. Knowing these variations will enable you 
to identify the region of the spine from which an isolated vertebra 
was taken. More importantly, these modifieations in form refleet 
functional differenees among the vertebrae. 


Cervical Vertebrae 

The eervieal vertebrae (Cl-C7) are relatively small. Their func- 
tion is to support the head and allow for its movements. The first 
two (C1 and C2) have unique structures for this purpose (fig. 7.24). 
Vertebra C1 is ealled the atlas because it supports the head in a 
manner reminiseent of Atlas, the giant of Greek mythology who 
was eondemned by Zeus to earry the heavens on his shoulders. It 
seareely resembles the typieal vertebra; it has no body and is little 
more than a delieate ring surrounding a large vertebral foramen. 
On eaeh side is a lateral mass with a deeply eoneave superior 
articular faeet, which articulates with the oeeipital eondyle of the 
skull. In nodding motions of the skull, as in gesturing “yes,” the 
oeeipital eondyles roek baek and forth on these faeets. The inferior 
articular faeets, which are eomparatively flat or only slightly eon- 
eave, articulate with C2. The lateral masses are eonneeted by an 
anterior areh and a posterior areh, which bear slight protuber- 
anees ealled the anterior and posterior tubercle, respeetively. 
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Figure 7.21 Articulated Vertebrae. 


(b) Left lateral view 
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Figure 7.24 The Atlas and Axis, Cervical Vertebrae C1 and C2. (a) The atlas, superior view. (b) The axis, posterosuperior view. (e) Articulation of the 
atlas and axis and rotation ofthe atlas. This movementturns the head from side to side, as in gesturing “no.” Note the transverse ligament holding the 
dens of the axis in plaee. 

What serioijs consequence could result ifthe tronsverse ligoment wos ruptured, ollowing the dens to slip onteriorly? AP' R 


Vertebra C2, the axis, allows rotation of the head as in gestur- 
ing “no.” Its most distinetive feature is a prominent anterior knob 
ealled the dens (pronounced “denz”), or odontoid 31 proeess. No 
other vertebra has a dens. It begins to form as an independent ossi- 
fieation eenter during the first year of life and fuses with the axis 
by the age of 3 to 6 years. It projeets into the vertebral foramen 
of the atlas, where it is nestled in a faeet and held in plaee by a 


31 c/ens = odont = tooth; oid = resembling 


transverse ligament (fig. 7.24c). A heavy blow to the top of the 
head ean cause a fatal injury in which the dens is driven through 
the foramen magnum into the brainstem. The articulation between 
the atlas and the cranium is ealled the atlanto-oeeipital joint; the 
one between the atlas and axis is ealled the atlantoaxial joint. 

The axis is the first vertebra that exhibits a spinous proeess. In 
vertebrae C2 through C6, the proeess is forked, or bifid, 32 at its tip 


32 bifid = eleft into two parts 
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(fig. 7.25a). This fork provides attaehment for the nuchal ligament 
of the baek of the neek. All seven eervieal vertebrae have a promi- 
nent round transverse foramen in eaeh transverse proeess. These 
foramina provide passage and proteetion for the vertebral arter- 
ies, which supply blood to the brain, and vertebral veins, which 
drain blood from various neek structures (but not from the brain). 
Transverse foramina occur in no other vertebrae and thus provide 
an easy means of reeognizing a eervieal vertebra. 


Apply What You Know 

How would head movements be affeeted ifvertebrae C1 
and C2 had the same structure as C3? What is the functional 
advantage of the laek of a spinous proeess in C1? 


Cervical vertebrae C3 through C6 are similar to the typieal ver- 
tebra deseribed earlier, with the addition of the transverse foramina 
and bifid spinous proeesses. Vertebra C7 is a little different—its 
spinous proeess is not bifid, but it is espeeially long and forms a 
prominent bump on the lower baek of the neek. C7 is sometimes 
ealled the vertebra prominens because of this espeeially eonspie- 
uous spinous proeess. This feature is a eonvenient landmark for 
counting vertebrae. One ean easily identify the largest bump on the 
neek as C7, then count up or down from there to identify others. 

Thoraeie Vertebrae 

There are 12 thoraeie vertebrae (T1-T12), eorresponding to the 
12 pairs of ribs attaehed to them; no other vertebrae have ribs. One 
function of the thoraeies is to support the thoraeie eage enelosing 
the heart and lungs. They laek the transverse foramina and bifid 
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Figure 7.25 Typieal eervieal, Thoraeie, and Lumbar Vertebrae. The left-hand figures are superior views, and the right-hand figures are left 
lateral views. APR 
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proeesses that distinguish the eervieals, but possess the following 
distinetive features of their own (fig. 7.25b): 

• The spinous proeesses are relatively pointed and angle 
sharply downward. 

• The body is somewhat heart-shaped and more massive than in 
the eervieal vertebrae, but less than in the lumbar vertebrae. 

• The body has small, smooth, slightly eoneave spots ealled 
eostal faeets for attaehment of the ribs. 

• Vertebrae T1 through TIO have a shallow, cuplike transverse 
eostal 33 faeet at the end of eaeh transverse proeess. These 
provide a seeond point of articulation for ribs 1 through 10. 
There are no transverse eostal faeets on Tll and T12, and ribs 
11 and 12 attaeh only to the bodies of the vertebrae. 


Thoraeie vertebrae vary among themselves mainly in the mode 
of articulation with the ribs. In most eases, a rib inserts between 
two vertebrae, so eaeh vertebra contributes one-half of the articular 
surface—the rib articulates with the inferior eostal faeet of the 
upper vertebra and the superior eostal faeet of the vertebra below 
that (see fig. 7.29). This terminology may be a little confusing, 
but note that the faeets are named for their position on the verte- 
bral body, not for which part of the rib’s articulation they provide. 
Vertebrae Tl, T10, Tll, and T12, however, have eomplete eostal 
faeets on the bodies for ribs 1 and 10 through 12, which articulate 
on the vertebral bodies instead of between vertebrae. These varia- 
tions will be more functionally understandable after you have stud- 
ied the anatomy of the ribs, so we will return then to the details of 
these articular surfaces. 

Vertebra T12 differs in its articular proeesses from those 
above it. Its superior articular proeesses faee posteriorly to meet 
the anteriorly faeing inferior proeesses of Tll, but the inferior 


articular proeesses of T12 faee laterally like those of the lumbar 
vertebrae, deseribed next. T12 thus represents a transition between 
the thoraeie and lumbar pattern. 

Lumbar Vertebrae 

There are five lmnbar vertebrae (L1-L5). Their most distine- 
tive features are a thiek, stout body adapted for bearing the weight 
of the upper body, and bhmt, squarish spinous proeesses adapted 
for attaehment of the strong, weight-bearing lumbar muscles 
(fig. 7.25c). In addition, their articular proeesses are oriented 
differently than those of other vertebrae. In thoraeie vertebrae, 
the superior proeesses faee posteriorly and the inferior proeesses 
faee anteriorly. In lumbar vertebrae, the superior proeesses faee 
medially (like the palms of your hands about to elap), and the 
inferior proeesses faee laterally, toward the superior proeesses of 
the next vertebra. This arrangement resists twisting of the lower 
spine. These differenees are best observed on an articulated 
(assembled) skeleton. 

Saeral Vertebrae 

The five saeral vertebrae (S1-S5) of a ehild begin to fuse around 
age 16, and by age 26 they are usually fused into a single bony 
plate, the sacrum (SACK-rum or SAY-krum) (fig. 7.26). The 
saemm forms the posterior wall of the pelvie eavity and proteets 
the organs within. It was named saemrn for its prominenee as the 
largest and most durable bone of the vertebral column. 34 

The anterior surface of the saemm is relatively smooth and 
eoneave and has four transverse lines that indieate where the 
five vertebrae have fused. This surface exhibits four pairs of 
large anterior saeral (pelvie) foramina, which allow for the 
passage of nerves and arteries to the pelvie organs. The posterior 


33 costa = rib; o/ = pertaining to 


34 sacr = great, prominent 
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Figure 7.26 The Sacrum and Coccyx. (a) The anterior surface, which faees the viseera of the pelvie eavity. (b) The posterior surface, whose 
surface features ean be palpated in the saeral region. AP! R 
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surface of the saemm is very rough. The spinous proeesses of the 
vertebrae fuse into a posterior ridge ealled the median saeral erest. 
The transverse proeesses fuse into a less prominent lateral saeral 
erest on eaeh side of the median erest. Again on the posterior side 
of the saemm, there are four pairs of openings for spinal nerves, 
the posterior saeral foramina. The nerves that emerge here 
supply the gluteal region and lower limbs. 

A saeral eanal mns through the sacrum and ends in an infe- 
rior opening ealled the saeral liiatus (hy-AY-tus). This eanal 
eontains spinal nerve roots in life. On eaeh side of the saemm is 
an ear-shaped auricular 35 (aw-RIC-you-lur) surface. This articu- 
lates with a similarly shaped surface on the hip bone and forms 
the strong, nearly immovable saeroiliae (SI) joint (SAY-ero-ILL- 
ee-ae). The body of vertebra S1 juts anteriorly to form a saeral 
promontory, which supports the body of vertebra L5. Lateral to 
the median saeral erest, S1 also has a pair of superior articular 
proeesses that articulate with L5. Lateral to these are a pair of 
large, rough, winglike extensions ealled the alae 36 (AIL-ee). 


colloquially ealled the tailbone and it is indeed the vestige of a tail, 
but it is not entirely useless; it provides attaehment for muscles of 
the pelvie floor. Vertebra Col has a pair of horns (cornua), which 
serve as attaehment points for ligaments that bind the coccyx to the 
saemm. The coccyx ean be fractured by a difficult ehildbirth or a 
hard fall on the buttocks. 


The Thoraeie Cage 

The thoraeie eage (fig. 7.27) eonsists of the thoraeie vertebrae, ster- 
num, and ribs. It forms a roughly eonieal enclosure for the lungs and 
heart and provides attaehment for the peetoral girdle and upper limb. 
It has a broad base and a narrower superior apex. Its inferior border is 
the are of the lower ribs, ealled the eostal margin. The eage proteets 
not only the thoraeie organs but also the spleen, most of the liver, and 
to some extent the kidneys. Most important is its role in breathing; it 
is rhythmieally expanded by the respiratory muscles to ereate a vae- 
uum that draws air into the lungs, and then eompressed to expel air. 


Coccygeal Vertebrae 

Four (sometimes five) tiny eoeeygeal vertebrae (Col to Co4 
or Co5) fuse by the age of 20 to form the coccyx 37 (fig. 7.26). 
The Roman anatomist Claudius Galen (e. 130-e. 200) named 
it this because he thought it resembled the beak of a cuckoo. It is 


3b auri = ear; cul = little; ar = pertaining to 
36 o/oe = vvings 

37 coccyx = cuckoo (named for resemblanee to a cuckoo’s beak) 


The Sternum 

The sternum (breastbone) is a bony plate anterior to the heart 
(fig. 7.27). It is subdivided into three regions: the manubrium, body, 
and xiphoid proeess. The manubrium 38 (ma-NOO-bree-um) is the 
broad superior portion, shaped like the knot in a neektie. It lies at 
the level of vertebrae T3 to T4. It has a median suprasternal noteh 


38 manubrium = handle 
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Figure 7.27 The Thoraeie Cage and Peetoral Girdle, Anterior View. ÀP! F[ 
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(jugular noteh), which you ean easily palpate between your elavieles 
(eollarbones), and right and left clavicular notehes where it articu- 
lates with the elavieles. The swordlike body, or gladiolus, 39 is the lon- 
gest part of the stermim, ly ing at the level of vertebrae T 5 through T9. 
It j oins the manubrium at the sternal angle, which ean be palpated 
as a transverse ridge at the point where the stermim projeets farthest 
forward. In some people, however, the angle is rounded or eoneave. 
The seeond rib attaehes here, making the sternal angle a useful land- 
mark for counting ribs in a physieal examination. The manubrium and 
body have sealloped lateral margins where eartilages of the ribs are 
attaehed. At the inferior end is a small, daggerlike xiphoid 40 (ZIF-oyd) 
proeess at the level of vertebrae TIO to Tll. It provides attaehment 
for some of the abdominal muscles. In cardiopulmonary resuscitation, 
improperly performed ehest eompression ean drive the xiphoid pro- 
eess into the liver and cause a fatal hemorrhage. 


The Ribs 

There are 12 pairs of ribs, with no differenee in number between 
the sexes (despite popular belief). Eaeh is attaehed at its posterior 
(proximal) end to the vertebral column, and all but the last two 
areh around the flank of the ehest and attaeh by way of a eartilagi- 
nous strip, the eostal eartilage, to the sternum. 

As a rule, the ribs inerease in length from 1 through 7 and 
beeome progressively smaller again through rib 12. They are 
inereasingly oblique (slanted) in orientation from 1 through 9, then 
less so from 10 through 12. They also differ in their individual stme- 
ture and attaehments at different levels of the thoraeie eage, so we 
will examine them in order as we deseend the ehest, taking note of 
their universal eharaeteristies as well as their individual variations. 

Rib 1 is peculiar. On an articulated skeleton, you must look for 
its vertebral attaehment just below the base of the neek; much of this 
rib lies above the level of the elaviele (fig. 7.27). It is a short, flat, 
C-shaped plate of bone (fig. 7.28a). At the vertebral end, it exhibits a 
knobby head that articulates with the body of vertebra Tl. On an iso- 
lated vertebra, you ean find a smooth eostal faeet for the attaehment 
on the middle of the body. Immediately distal to the head, the rib 
narrows to a neek and then widens again to form a rough area ealled 
the tubercle. This is its point of attaehment to the transverse eostal 
faeet of the same vertebra. Beyond the tubercle, the rib flattens and 
widens into a gently sloping bladelike shaft. The shaft ends distally 
in a squared-off, rough area. In the living individual, the eostal earti- 
lage begins here and spans the rest of the distanee to the upper ster- 
num. The shaft has a groove on the superior surface that serves as a 
platform for two blood vessels ealled the subclavian artery and vein. 

Ribs 2 through 7 present a more typieal appearanee (fig. 7.28b). 
At the proximal end, eaeh exhibits a head, neek, and tubercle. The 
head is wedge-shaped and inserts between two vertebrae. Eaeh 
margin of the wedge has a smooth surface ealled an articular faeet. 
The superior articular faeet joins the inferior eostal faeet of the 
vertebra above; the inferior articular faeet joins the superior eos- 
tal faeet of the vertebra below. The tubercle of the rib articulates 
with the transverse eostal faeet of eaeh same-numbered vertebra. 
Figure 7.29 details the three rib-vertebra attaehments typieal of 
this region of the rib eage. 


39 glodiolus = sword 

40 xipho = sword; oid = resembling 
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Figure 7.28 Anatomy of the Ribs. (a) Rib 1 is an atypieal flat plate. 
(b) Typieal features of ribs 2 through 10. (e) Appearanee of the floating 
ribs, 11 and 12. 


Beyond the tubercle, eaeh rib makes a sharp curve around the 
side of the ehest and then progresses anteriorly to approaeh the 
sternum (see fig. 7.27). The curve is ealled the angle of the rib and 
the rest of the bony blade distal to it is ealled the shaft. The broad 
surfaces of the shafts are oriented vertieally. The inferior margin of 
the shaft has a eostal groove that marks the path of the intereostal 
blood vessels and nerve. Eaeh of these ribs, like rib 1, ends in a 
blunt, rough area where the eostal eartilage begins. Eaeh has its 
own eostal eartilage eonneeting it to the sternum; because of this 
feature, ribs 1 through 7 are ealled true ribs. 

Ribs 8 through 12 are ealled false ribs because they laek inde- 
pendent cartilaginous eonneetions to the sternum. In 8 through 10, 
the eostal eartilages sweep upward and end on the eostal eartilage 
of rib 7 (see fig. 7.27). Rib 10 also differs from 2 through 9 in 
that it attaehes to the body of a single vertebra (T10) rather than 
between vertebrae. Thus, vertebra T10 has a eomplete eostal faeet 
on its body for rib 10. 

Ribs 11 and 12 are again unusual (fig. 7.28c). Posteriorly, they 
articulate with the bodies of vertebrae Tll and T12, but they do 
not have tubercles and do not attaeh to the transverse proeesses of 
the vertebrae. Those two vertebrae therefore have no transverse 
eostal faeets. At the distal end, these two relatively small, delieate 
ribs taper to a point and are eapped by a small cartilaginous tip, 
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Figure 7.29 Articulation of Rib 6 with Vertebrae T5 and T6. 

(a) Anterior view. Note the relationship of the articular faeets of the 
rib with the eostal faeets of the two vertebrae. (b) Superior view. 
Note that the rib articulates with a vertebra at two points: the eostal 
faeet of the vertebral body and the transverse eostal faeet on the 
transverse proeess. 


but there is no cartilaginous eonneetion to the sternum or to any 
of the higher eostal eartilages. The ribs are merely embedded in 
lumbar muscle at this end. Consequently, 11 and 12 are also ealled 
floating ribs. Among the Japanese and some other people, rib 10 
is also usually floating. 

Table 7.4 summarizes these variations in rib anatomy and their 
vertebral and sternal attaehments. 


Before Yoii Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

9. Discuss the contributions of the intervertebral dises to the 
length and flexibility of the spine. 

10. Make a table with three columns headed eervieoi, thoroeie, 

and lumbor. In eaeh column, listthe distinetive eharaeteris- 
ties of eaeh type of vertebra. 

11. Name the three parts of the sternum. How many ribs attaeh 
(direetly or indireetly) to eaeh part? 

12. Deseribe how rib 5 articulates with the spine. How do ribs 

1 and 12 differ from this and from eaeh other in their modes 
of articulation? 

13. Distinguish between true, false, and floating ribs. Which 

ribs fall into eaeh eategory? 

14. Palpate as many of the following structures as possible, 

and identify which ones eannot normally be palpated on a 
living person: the dens; the spinous proeess of vertebra C7; 
the transverse proeess of vertebra T12; the median saeral 
erest; the coccyx; the manubrium; the xiphoid proeess; and 
the eostal eartilage of rib 5. 



TABLE 7.4 Articulations of the Ribs 


Rib 

Type 

Costal Oartilage 

Articulating Vertebral Bodies 

Articulating with a 

Transverse CostaI Faeet? 

Rib Tubercle 

1 

True 

lndividual 

T1 

Yes 

Present 

2 

True 

lndividual 

T1 and T2 

Yes 

Present 

3 

True 

lndividual 

T2 and T3 

Yes 

Present 

4 

True 

lndividual 

T3 and T4 

Yes 

Present 

5 

True 

lndividual 

T4 and T5 

Yes 

Present 

6 

True 

lndividual 

T5 and T6 

Yes 

Present 

7 

True 

lndividual 

T6 and T7 

Yes 

Present 

8 

False 

Shared with rib 7 

T7 and T8 

Yes 

Present 

9 

False 

Shared with rib 7 

T8 and T9 

Yes 

Present 

10 

False 

Shared with rib 7 

T10 

Yes 

Present 

11 

False, floating 

None 

T11 

No 

Absent 

12 

False, floating 

None 

T12 

No 

Absent 
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part t wo Support and Movement 



Developmental and 
eiinìeal Perspeetives 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the prenatal development of the axial skeleton; 
and 

b. deseribe some eommon disorders of the axial skeleton. 


Development of the Axial Skeleton 

The axial skeleton develops primarily by endoehondral ossifiea- 
tion. This is a two-step proeess: (1) ehondrifieation, in which 
embryonie mesenehyme eondenses and differentiates into hyaline 
eartilage; and (2) ossifieation, in which the eartilage is replaeed 
by bone, as deseribed in ehapter 6. Parts of the skull develop by 
intramembranous ossifieation, with no eartilage precursor. 

The Skull 

Development of the skull is very complex, and we will take only a 
broad overview of the proeess here. We ean view the skull as devel- 
oping in three major parts: the base, the ealvaria, and the faeial bones. 
The base and ealvaria are eolleetively ealled the neurocranium 
because they enelose the brain; the faeial skeleton is ealled the 
viscerocranium because it develops from the pharyngeal (viseeral) 
arehes deseribed on page 92. Both the neurocranium and viseero- 
cranium have regions of cartilaginous and membranous origin. The 
cartilaginous neurocranium is also ealled the chondrocranium. 

The base of the cranium develops from several pairs of earti- 
laginous plates. They give rise to most parts of the sphenoid, eth- 
moid, temporal, and oeeipital bones. The flat bones of the ealvaria 
form, in eontrast, by the intramembranous method. They begin to 
ossify in week 9, slightly later than the eranial base. As a membra- 
nous bone ossifies, trabeculae and spicules of osseous tissue first 
appear in the eenter and then spread toward the edges of the bone 
(fig. 7.30). 

Faeial bones develop mainly from the first two pharyngeal 
arehes. Although these arehes are initially supported by eartilage, 
that eartilage does not transform into bone. It beeomes surrounded 
by developing membranous bone, and while some of the eartilages 
beeome middle-ear bones and part of the hyoid bone, others simply 
degenerate and disappear. Thus, the faeial bones are built aroimd 
eartilages but develop by the intramembranous proeess. 

The skull therefore develops from a multitude of separate 
pieees. These undergo eonsiderable fusion by the time of birth, 
but their fusion is by no means eomplete then. At birth, the frontal 
bones are still paired. The right and left bones usually fuse by the 
age of 5 or 6 years, but in some people a metopie 41 suture persists 
in the forehead between them. Traees of this suture are evident in 
some adult skulls. 


Humerus 


Radius 
Ulna — 


Femur 



Pelvis 


Cranial 

bones 


Mandible 

Vertebrae 


Scapula 

Ribs 


Figure 7.30 The Fetal Skeleton at 12 Weeks. The red-stained 
regions are ossified at this age, whereas the elbow, wrist, knee, and 
ankle joints appear translucent because they are still cartilaginous. The 
eranial bones are still widely separated. 

• Why ore the joints ofon infont vveoker thon thoseofon older ehild? 


The eranial bones are separated at birth by gaps ealled 


fontanels, 42 bridged by fibrous membranes (fig. 7.31). The term 
refers to the faet that pulsation of the infant’s blood ean be felt there. 
Fontanels permit the bones to shift as the infant squeezes through 
the birth eanal. This shifting may deform the infant’s head, but it 
usually assumes a normal shape within a few days after birth. Four 
of the fontanels are espeeially prominent and regular in loeation: the 
anterior, posterior, sphenoid, and mastoid fontanels. The fonta- 
nels elose by intramembranous ossifieation. Most are fully ossified 
by 12 months of age, but the largest one, the anterior fontanel, does 
not elose for 18 to 24 months. Up to that age, a “soft spot” ean be 
palpated in the eorner between the four frontal and parietal bones. 

The mandible ehanges markedly with age. At birth, it eonsists 
of right and left bones joined medially by the mental symphysis, a 
zone of eartilage and fibrous eonneetive tissue. The halves begin 
to fuse in the first year and beeome fully united into a single bone 
by age 3. The body of the mandible is very slender at birth, and 
the ramus is not strongly developed (fig. 7.3la). In early ehild- 
hood, the mandible grows in a generally downward and forward 
direetion, making the ramus longer and the ehin more pronounced. 
The deciduous (“baby”) teeth begin to erupt at about 7 months 
and continue through the seeond year, while the body of the man- 
dible widens to aeeommodate their roots. The deciduous teeth are 
replaeed with permanent teeth mostly between the ages of 6 and 
13 years, although the third molar, if it emerges at all, may eome 
as late as age 25 (see fig. 24.6, p. 660). If teeth are lost in old age, 
the alveoli are resorbed and the body of the mandible beeomes nar- 
rower, much as it was in infaney. 


41 mef = beyond; op = the eyes 


A2 fonton = fountain; e/ = little 


© Biophoto Assoeiates/Seienee Source 
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Parietal bone 
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suture 
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suture 


Oeeipital bone 


Mastoid 

fontanel 


Temporal bone 



Sphenoid 
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Ooronal 

suture 

Frontal 
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fontanel 
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Maxilla 
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(a) Lateral view 


Frontal bone 
Anterior fontanel 


Sagittal suture 


Parietal 

bone 



Posterior fontanel 




(b) Superior view 


Figure 7.31 The Fetal Skull Near the Time of Birth 


Apply What You Know 

Suppose you were studying a skull with some teeth missing. 
How could you tell whether the teeth had been lost after the 
person’s death or years before it? 


The faee of a newborn is flat and small eompared to the large 
cranium. It enlarges as the mandible, teeth, and paranasal sinuses 
develop. To aeeommodate the growing brain, a ehild’s skull grows 
more rapidly than the rest of the skeleton. It reaehes about half its 
adult size by age 9 months, three-quarters by age 2, and nearly 
final size by 8 or 9 years. The heads of babies and young ehildren 
are therefore much larger in proportion to the trunk than are the 
heads of adults—an attribute thoroughly exploited by eartoonists 
and advertisers who draw big-headed eharaeters to give them a 
more endearing or immature appearanee. In humans and other ani- 
mals, the large, rounded heads of the young are thought to promote 
survival by stimulating parental earegiving instinets. 


The Vertebral Colurrm 

One of the universal eharaeteristies of all ehordate animals, includ- 
ing humans, is the notoehord, a flexible, middorsal rod of meso- 
dermal tissue. In humans, the notoehord is evident inferior to the 
neural tube in the third week of development. Segments of embry- 
onie mesoderm ealled somites lie on eaeh side of the notoehord 
and neural tube (see p. 92 and fig. 4.11, p. 97). In week 4, part of 
eaeh somite beeomes a selerotome. This gives rise to vertebral ear- 
tilage, which is replaeed by bone through endoehondral ossifiea- 
tion. The selerotomes are temporarily separated by zones of looser 
mesenehyme (fig. 7.32a). 

As shown in figure 7.32b, eaeh vertebral body arises from 
portions of two adjaeent selerotomes and the loose mesenehyme 
between them. The midportion of eaeh selerotome gives rise to 
the anulus fibrosus of the intervertebral dise. The notoehord 


Notoehord 



Selerotome 


Loose- 

mesenehyme 









Degenerating 

notoehord 



Precartilaginous 
vertebral body 

Future 

intervertebral 

dise 



Anulus 

fibrosus 


Nucleus 

pulposus 

Vertebral 

body 





r 





T ransverse 
proeess 


Intervertebral 




Figure 7.37 Development of the Vertebrae and Intervertebral Dises. (a) The notoehord is flanked by selerotomes, which are separated 
by zones of loose mesenehyme. (b) Eaeh vertebral body forms by the eondensation of parts of two selerotomes and the loose mesenehyme 
between them. The midregion of eaeh selerotome remains less eondensed and forms the anulus fibrosus of the intervertebral dise. The notoehord 
degenerates in the regions of eondensing mesenehyme but persists between vertebral bodies as the nucleus pulposus. Dashed lines indieate 
which regions of the selerotomes in part (a) give rise to the vertebral body and intervertebral dise in part (b). (e) Further eondensation of the 
vertebral bodies. The notoehord has now disappeared except at the nucleus pulposus of eaeh dise. (d) Chondrification and ossifieation give rise to 
the fully developed vertebral bodies. 
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Mesenehyme 
Vertebral foramen 
Neural tube 
Costal proeess 
Notoehord 

Future vertebral body 


(a) 5 weeks 



(b) At birth 


Spinous proeess 
Spinal eord 
Vertebral areh 

Head of rib 
Oostovertebral joint 
Vertebral body 


Figure 7.33 Development of a Thoraeie Vertebra. (a) At 5 vveeks. (b) At birth. In part (a), the vertebra is eomposed of mesenehyme surrounding 
the neural tube. The notoehord is still present. The eostal proeess is the forerunner of the rib. In part (b), the vertebra shovvs three eenters of 
ossifieation at birth—the body and the tvvo vertebral arehes. Hyaline eartilage (blue) still eomposes the spinous proeess, the joints betvveen the 
vertebral arehes and the body, and the joints betvveen the ribs and the vertebra. 


degenerates and disappears in the regions of the developing verte- 
bral bodies, but persists and expands between the vertebrae to form 
the nucleus pulposus of the intervertebral dises. 

Meanwhile, mesenehyme surrounding the neural tube eon- 
denses and forms the vertebral arehes of the vertebrae. Approaeh- 
ing the end of the embryonie stage, the mesenehyme of the 
selerotomes forms the cartilaginous foremnners of the vertebral 
bodies (fig. 7.33a). The two halves of the areh fuse with eaeh other 
and with the body, and the spinous and transverse proeesses grow 
outward from the areh. Thus, a eomplete cartilaginous vertebral 
column is established. 

Ossifieation of the vertebrae begins during the embryonie 
period but is not eompleted until age 25. Eaeh vertebra develops 
three primary ossifieation eenters: one in the body and one in eaeh 
half of the vertebral areh. At birth, these three bony parts are still 
eonneeted by hyaline eartilage (fig. 7.33b). The two halves of the 
areh finish ossifying and fuse around 3 to 5 years of age, beginning 
in the lumbar region and progressing rostrally. The attaehments 
of the areh to the body remain cartilaginous for a time in order to 
allow for growth of the spinal eord. These attaehments ossify at 3 
to 6 years. Seeondary ossifieation eenters form in puberty at the 
tips of the spinous and transverse proeesses and in a ring eneireling 
the body. They unite with the rest of the vertebra by age 25. 

At birth, the vertebral column exhibits one continuous 
C-shaped curve (fig. 7.34), as it does in monkeys, apes, and most 
other four-legged animals. As an infant begins to crawl and lift its 
head, the eervieal curvature forms, enabling an infant on its belly 
to look forward. The lumbar curvature—eompleting the S shape of 
the spine—starts to appear when a toddler begins walking. 


The Ribs and Sternum 

At 5 weeks, a developing thoraeie vertebra eonsists of a body of 
mesenehyme with a vertebral body, vertebral foramen, and a pair of 
winglike lateral extensions ealled the eostal proeesses (fig. 7.33a), 
which soon give rise to the ribs. At 6 weeks, a ehondrifieation een- 
ter develops at the base of eaeh proeess. At 7 weeks, these eenters 
begin to undergo endoehondral ossifieation. A eostovertebral joint 


now appears at the base of the proeess, separating it from the ver- 
tebral body (fig. 7.33b). By this time, the first seven ribs (true ribs) 
eonneet to the sternum by way of eostal eartilages. An ossifieation 
eenter soon appears at the angle of the rib, and endoehondral ossi- 
fieation proeeeds from there to the distal end of the shaft. Seeond- 
ary ossifieation eenters appear in the tubercle and head of the rib 
during adoleseenee. 



Figure 7.34 Spinal Curvature of the Newborn Infant. Atthis age, 
the spine forms a single C-shaped curve. 


© McGraw-Hill Education/Bob Coyle, photographer 
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The sterniim begins as a pair of longitudinal strips of eon- 
densed mesenehyme ealled the sternal bars. These form ini- 
tially in the anterolateral body wall and migrate medially during 
ehondrifieation. The right and left sternal bars begin to fuse in 
week 7 as the most superior ribs eontaet them. Fusion of the 
sternal bars progresses downward, ending with the formation 
of the xiphoid proeess in week 9. The sternal bones form by 
endoehondral ossifieation beginning superiorly and progressing 
toward the xiphoid. Ossifieation begins in month 5 and is eom- 
pleted shortly after birth. In some eases, the sternal bars fail to 
fuse eompletely at the inferior end, so the infant xiphoid proeess 
is forked or perforated. 


Pathology of the Axial Skeleton 

Disorders that affeet all parts of the skeleton are discussed in ehap- 
ter 6, espeeially fractures and osteoporosis. Table 7.5 lists some 
disorders that affeet espeeially the axial skeleton. We will eonsider 
in slightly more depth skull fractures, vertebral fractures and dis- 
loeations, and herniated intervertebral dises. 

Skull Fractures 

The domed shape of the skull distributes the strain of most blows 
to the head and tends to minimize their effeets. Hard blows ean 
nevertheless fracture the ealvaria (fig. 7.35a). Most eranial frae- 
tures are linear fractures (elongated eraeks), which ean radiate 
away from the point of impaet. In a depressed fracture, the 
cranium eaves inward and may eompress and damage underly- 
ing brain tissue. If a blow occurs in an area where the ealvaria 
is espeeially thiek, as in the oeeipital region, the bone may bend 
inward at the point of impaet without breaking, but as the strain is 
distributed through the cranium, it ean generate a fracture some 
distanee away, even on the opposite side of the skull (a eontra- 
fissurafracture). In addition to damaging brain tissue, skull frae- 
tures ean damage eranial nerves and meningeal blood vessels. A 
break in a blood vessel may cause a hematoma (mass of elotted 


blood) that eompresses the brain tissue, potentially leading to 
death within a few hours. 

Faeial trauma ean produce linear Le Fort 43 fractures, which 
predietably follow lines of weakness in the faeial bones. The three 
typieal Le Fort fractures are shown in figure 7.35b. The type II Le 
Fort fracture separates the entire eentral region of the faee from the 
rest of the skull. 


Apply What You Know 

Deseribe two aeeidents or other ineidents in a person’s life that 
could result in a depressed fracture of the ealvaria, and two 
that could result in a Le Fort faeial fracture. 


Vertebral Fractures and Disloeations 

Injury to the eervieal vertebrae (a “broken neek”) often results 
from violent blows to the head, as in diving, motoreyele, and 
equestrian aeeidents, and sudden flexion or extension of the 
neek, as in automobile aeeidents. Such injuries often crush the 
body or arehes of a vertebra or cause one vertebra to slip for- 
ward relative to the one below it. The disloeation of one ver- 
tebra relative to the next ean cause irreparable damage to the 
spinal eord. “Whiplash” often results from rear-end automobile 
eollisions causing violent hyperextension of the neek (backward 
jerking of the head). This stretehes or tears the anterior longi- 
tudinal ligament that courses along the front of the vertebral 
bodies, and it may fracture the vertebral body (fig. 7.36a). Dis- 
loeations are relatively rare in the thoraeie and lumbar regions 
because of the way the vertebrae are tightly interloeked. When 
fractures occur in these regions (“broken baek”), they most 
often involve vertebra Tll or T12, at the transition from the 
thoraeie to lumbar spine. 


43 Léon C. Le Fort (1829-93), Freneh surgeon and gyneeologist 


TABLE 7.5 Disorders of the Axial Skeleton 


Craniosynostosis Premature closure of the eranial sutures within the first 2 years after birth, resulting in skull asymmetry, deformity, and 

sometimes mental retardation. Cause is unknown. Surgery ean limit brain damage and improve appearanee. 

Spinal stenosis Abnormal narrowing of the vertebral eanal or intervertebral foramina caused by hypertrophy of the vertebral bone. 

Most eommon in middle-aged and older people. May eompress spinal nerves and cause low baek pain or rrmsele 
weakness. 

Spondylosis A defeet of the laminae of the lumbar vertebrae. Defeetive vertebrae may shift anteriorly, espeeially at the L5 through 

S1 level. Stress on the bone may cause microfractures in the laminae and eventual dissolution of the laminae. May be 
treated by nonsurgical manipulation or by surgery, depending on severity. 

Disorders Deseribed Elsewhere 

Cleft palate 104 Kyphosis 168 Skull fractures 179 

Ethmoid bone fractures 164 Lordosis 168 Spina bifida 367 

Herniated dises 180 Seoliosis 168 Vertebral fractures 179 
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(a) Medial view 



(b) Anterior view 


Figure 7.3E Skull Fractures. (a) Medial view showing linear and depressed fractures of the frontal bone and a basilar fracture of the oeeipital 
bone. (b) The three types of Le Fort fractures of the faeial bones. 


Herniated Dises 

A herniated (“slipped” or ‘ 4 ruptured”) dise is eraeking of the anu- 
lus fibrosus of an intervertebral dise under strain, often caused by 
violent flexion of the vertebral column or by lifting heavy weights. 
Cracking of the anulus allows the gelatinous nucleus pulposus to 
ooze out, sometimes putting pressure on a spinal nerve root or the 
spinal eord (fig. 7.36b). Baek pain results from both pressure on 
the nervous tissue and inflammation stimulated by the nucleus 
pulposus. About 95% of dise herniations occur at levels L4/L5 and 
L5/S1. The nucleus pulposus usually eseapes in a posterolateral 
direetion, where the anulus is thinnest. Herniated dises rarely occur 
in young people because their dises are well hydrated and absorb 
pressure well. As people get older, the dises beeome dehydrated 
and they degenerate and grow thinner, beeoming more suscepti- 
ble to herniation. After middle age, however, the anulus fibrosus 
beeomes thieker and tougher, and the nucleus pulposus is smaller, 
so dise herniations again beeome less eommon. 


Figure 7.36 lnjuries to the Vertebral Column. (a) Whiplash injury. 

Violent hyperextension of the neek has torn the anterior longitudinal 
ligament and fractured the vertebral body. (b) Herniated intervertebral 
dise. The nucleus pulposus is oozing into the vertebral eanal and 
eompressing a bundle of spinal nerve roots that passes through the 
lumbar vertebrae. 

• Hernioted dises ore more eommon in the lumbor region thon in the 
eervieol region. Exploin. 
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Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

15. Define chondrocronium and viscerocronium, and explain 

why eaeh of them is named that. 

16. What is the fiinetional signifieanee of fontanels? When 

does the last fontanel elose? 

17. What structure in the adult is a remnant of the embryonie 

notoehord? 

18. What is a Le Fort fracture? What is whiplash? 

19. Explain why a herniated dise ean cause nerve pain (neuralgia). 



Assess Your Learning Outcomes 


To test your knowledge, discuss thefollowing 
topies with a study partner or in writing, 
ideally from memory. 

7.1 Overview of the Skeleton (p. 152) 

1. The distinetion between the axial and 
appendicular skeletons 

2. Changes in the number of bones with age; 
the typieal adult number; and reasons why 
the adult number varies from one person 
to another 

3. Terminology of the surface features of 
bones 

7.2 The Skull (p. 155) 

1. Names and loeations of the eavities in the 
skull 

2. Definitions of suture and foramen in skull 
anatomy 

3. The distinetion between eranial bones and 
faeial bones 

4. Names and loeations of the eranial bones, 
and names of the sutures that form their 
boundaries (to the extent that this book 
names them) 

5. The relationship of the eranial bones to the 
meninges and brain tissue 

6. The distinetion between the ealvaria and 
the base of the cranium 

7. Names and loeations of the three eranial 
fossae and their relationship to the anat- 
omy of the brain 

8. Reeognition of the important anatomi- 
eal features (espeeially those boldfaeed in 
the text) of the eranial bones: the frontal, 
parietal, temporal, oeeipital, sphenoid, and 
ethmoid bones 


9. Reeognition of the important anatomieal fea- 
tures (espeeially those boldfaeed in the text) 
of the faeial bones: the maxilla; inferior nasal 
eoneha; vomer; mandible; and the palatine, 
zygomatie, laerimal, and nasal bones 

10. The loeation, anatomy, and hmetion of the 
hyoid bone 

11. The names, loeations, and anatomy of the 
three auditory ossieles, and their eolleetive 
function 

12. How the loeation of the foramen magnum 
and relative flatness of the human faee are 
related to the bipedal stanee of humans 

7.3 The Vertebral Column and Thoraeie 
Cage (p. 167) 

1. Functions of the vertebral column 

2. The five elasses of vertebrae; and the num- 
ber of vertebrae in eaeh elass 

3. The number of intervertebral dises; which 
vertebrae have dises between them and 
which ones do not; and the structure of a 
dise 

4. The overall shape of the adult vertebral eol- 
umn and the names of its four curvatures 

5. The anatomieal features of a generalized 
vertebra 

6. Surfaces of the vertebrae that articulate 
with adjaeent vertebrae and with the ribs 

7. The relationships of the vertebral and 
intervertebral foramina to the spinal eord 
and spinal nerves 

8. Anatomieal features that distinguish eervi- 
eal, thoraeie, and lumbar vertebrae from 
eaeh other 

9. The unique features and names of eaeh of the 
first two eervieal vertebrae (Cl-C2); names 


of the j oints between the skull and C1 and 
between C1 and C2; and how the features of 
these two vertebrae relate to head movements 

10. Anatomy of the articulations between the 
ribs and thoraeie vertebrae 

11. Anatomieal features of the saemrn and 
coccyx and of the articulations between 
the saemrn and hip bones 

12. Components of the thoraeie eage 

13. The three parts of the sternum; its other 
features; and its articulations with the 
elavieles and ribs 

14. The eategories of ribs; how eaeh eategory 
is defined; the total number of ribs; and 
which ribs belong to eaeh eategory 

15. The generalized anatomy of a rib; how 
rib 1 and ribs 11 and 12 anatomieally dif- 
fer from the others; and the relationships 
of the ribs to the eostal eartilages, ster- 
num, and vertebral bodies and transverse 
proeesses 

7.4 Developmental and Oinieal 
Perspeetives (p. 176) 

1. The eomplementary roles of intramembra- 
nous and endoehondral ossifieation in the 
prenatal development of the skull 

2. The portions of the skull that constitute 
the neurocranium, viscerocranium, and 
chondrocranium 

3. The role of pharyngeal arehes in develop- 
ment of the skull 

4. Developmental ehanges in the skull after 
birth 

5. The names and loeations of the fontanels 
in the fetal skull, why they exist, and what 
beeomes of them 
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6. The role of the embryonie notoehord and 
selerotomes in development of the verte- 
bral column 

7. The ossifieation proeess of a vertebra 

8. Development of the ribs from the embry- 
onie vertebrae 


9. Embryonie development of the sternum 

10. The eommon types of skull fractures: lin- 
ear, depressed, contrafissura, and Le Fort 
fractures 

11. Causes and effeets of vertebral fractures 
and disloeations 


12. The causes, anatomieal aspeets, and effeets 
of herniated intervertebral dises 


Testing Your Reeall 


1. Which of these is not a paranasal sinus? 

a. frontal 

b. temporal 
e. sphenoid 

d. ethmoid 

e. maxillary 

2. Which of these is a faeial bone? 

a. frontal 

b. ethmoid 
e. oeeipital 

d. temporal 

e. laerimal 

3. What occupies the transverse foramina 
seen in eertain vertebrae? 

a. vertebral arteries 

b. nucleus pulposus 
e. spinal nerves 

d. earotid arteries 

e. internal jugular veins 

4. All of the following are groups of verte- 

brae except for_, which is a spinal 

curvature. 

a. thoraeie 

b. eervieal 
e. lumbar 

d. pelvie 

e. saeral 

5. Thoraeie vertebrae do not have 

a. transverse foramina. 

b. eostal faeets. 

e. transverse eostal faeets. 

d. transverse proeesses. 

e. pedieles. 


6. Which of these bones forms by intramem- 
branous ossifieation? 

a. a vertebra 

b. a parietal bone 

e. the oeeipital bone 

d. the sternum 

e. a rib 

7. The viscerocranium includes 

a. the maxilla. 

b. the parietal bones. 
e. the oeeipital bone. 

d. the temporal bone. 

e. the atlas. 

8. Which of these is not a suture? 

a. parietal 

b. eoronal 
e. lambdoid 

d. sagittal 

e. squamous 

9. The sella turcica eontains 

a. the pituitary gland. 

b. the auditory ossieles. 
e. air eells. 

d. the foramen laeemm. 

e. the laerimal sae. 

10. The nasal septum is eomposed partly of 
the same bone as 

a. the zygomatie areh. 

b. the hard palate. 

e. the eribriform plate. 

d. the nasal eoneha. 

e. the eentmm. 


11. Gaps between the eranial bones of an 

infant are ealled_. 

12. The external acoustic meatus is an opening 

in the_bone. 

13. Bones of the skull are joined along lines 

ealled_. 

14. The _ bone has greater and lesser 

wings and proteets the pituitary gland. 

15. A herniated dise occurs when a ring ealled 

the_eraeks. 

16. The transverse ligament of the atlas holds 

the_of the axis in plaee. 

17. The saeroiliae joint is formed where the 

_ surface of the saemm articulates 

with that of the ilium. 

18. We have five pairs of_ribs and two 

pairs of_ribs. 

19. Ribs 1 through 10 are joined to the ster- 

num by way of strips of eonneetive tissue 
ealled_. 

20. The point at the inferior end of the sternum 

is the_. 

Answers in appendix A 


Building Your Medieal Vocabulary 


State a medieal meaning ofeaeh of the following 

3. masto- 

8. laerimo- 


word elements, and give a term in which it is 

4. petr- 

9. eosto- 


used. 

5. lamina 

10. ped- 


1. erani- 

2. tempor- 

6. pterygo- 

7. erista 


Answers in appendix A 
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True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. The bodies of the vertebrae are derived 
from the notoehord of the embryo. 

2. Adults have more bones than ehildren do. 

3. A smooth round knob on a bone is ealled 
a eondyle. 

4. The zygomatie areh eonsists entirely of the 
zygomatie bone. 

Testing Your Comprehension 

1. A ehild was involved in an automobile 
eollision. She was not wearing a safety 
restraint, and her ehin strnek the dashboard 
hard. When the physieian looked into 
her auditory eanal, he could see into her 
throat. What do you infer from this about 
the nature of her injury? 

2. Chapter 1 noted that there are signifi- 
eant variations in the internal anatomy of 


5. The dura mater adheres tightly to the entire 
inner surface of the eranial eavity. 

6. The sphenoid bone forms part of the orbit. 

7. The nasal septum is not entirely bony. 

8. Not everyone has a frontal sinus. 

9. The anterior surface of the saemrn is 
smoother than the posterior surface. 


different people (p. 6). Give some exam- 
ples from this ehapter other than patholog- 
ieal eases (such as eleft palate) and normal 
age-related differenees. 

3. Vertebrae T12 and L1 look superficially 
similar and are easily confused. Explain 
how to tell the two apart. 


10. The lumbar vertebrae do not articulate 
with any ribs and therefore do not have 
transverse proeesses. 

Answers in appendix A 


4. What effeet would you prediet if an ossi- 
fieation disorder eompletely elosed off the 
superior orbital fissure? 

5. For eaeh of the following bones, name all 
the other bones with which it articulates: 
parietal, zygomatie, temporal, and ethmoid 
bones. 






X-ray of an adult foot 
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I n this ehapter, we turn our attention to the oppendiculor 
skeleton —the bones of the upper and lower limbs and the 
peetoral and pelvie girdles that attaeh them to the axial skel- 
eton. We depend so heavily on the limbs for mobility and the 
ability to manipulate objeets that deformities and injuries to the 
appendicular skeleton are more disabling than most disorders 
of the axial skeleton. Hand injuries, espeeially, ean disable 
a person far more than a eomparable amount of tissue injury 
elsewhere on the body. Injuries to the appendicular skeleton are 
espeeially eommon in athleties, reereation, and the workplace. 
A knowledge of the anatomy of the appendicular skeleton is 
therefore espeeially important to such professionals as athletie 
trainers, physieal therapists, and other health-eare providers. 



The Peetoral Girdle 
and Upper Lìmb 


Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. identify and deseribe the features of the elaviele, 
scapula, humerus, radius, ulna, and bones of the wrist 
and hand; and 

b. deseribe the evolutionary innovations of the human 
forelimb. 


Peetoral Girdle 

The peetoral 1 girdle (shoulder girdle) supports the arm and links it to 
the axial skeleton. It eonsists of two bones on eaeh side of the body: the 
elaviele (eollarbone) and seapnla (shoulder blade). The medial end of 
the elaviele articulates with the sternum at the sternoclavicular joint, 

r\ 

and its lateral end articulates with the scapula at the acromioclavicular 
joint (see fig. 7.27, p. 173). The scapula also articulates with the 
humerus at the glenohumeral 3 (shoulder) joint. These are loose 
attaehments that result in a shoulder far more flexible than that of most 
other mammals, but they also make the shoulder joint easy to disloeate. 

Clavicle 

The elaviele 4 (fig. 8.1) is a slightly S-shaped bone, somewhat 
flattened from the upper to lower surface, and easily seen and 
palpated on the upper thorax (see fig. A.lb, p. 331). The superior 
surface is relatively smooth and rounded, whereas the inferior surface 
is flatter and marked by grooves and ridges for muscle attaehment. 
The medial sternal end has a rounded, hammerlike head, and the 
lateral aeromial end is markedly flattened. Near the aeromial 
end is a rough tuberosity ealled the eonoid 5 tubercle —a ligament 
attaehment that faees posteriorly and slightly downward. 


] pect = ehest; oral = pertaining to 
2 acr = extremity, peak; omo = shoulder 
3 gleno = soeket 

4 clav = hammer, club; /e/e = little 
5 co/i = eone; oid = shaped 


Sternal 

end 



Aeromial 

end 


(a) Superior view 


Sternal 

end 



Aeromial 

end 


(b) Inferior view 

Figure 8.1 The Right eiaviele (Collarbone). 

• The eloviele is broken more often thon ony other bone in the body. 

Stote some reosons why. apir 


The elavieles braee the shoulders, keeping the upper limbs 
away from the midline of the body. Without the elavieles, the 
peetoralis major muscles would pull the shoulders forward and 
medially—which indeed happens when a elaviele is fractured (see 
Deeper Insight 8.1). The elaviele also transfers foree from the arm 
to the axial region of the body, as in doing push-ups. It is thiekened 
in people who do heavy manual labor, and is usually stronger and 
shorter on the side with the dominant limb (the right elaviele in 
right-handed people). 

Scapula 

The scapula 6 (fig. 8.2) is a triangular plate that overlies ribs 
2 through 7. Its only direet attaehment to the thoraeie eage is 
by muscles; it glides over the rib eage as the arm and shoulder 
move. The three sides of the scapular triangle are ealled the 

superior, medial (vertebral), and lateral (axillary) borders, 
and its three angles are the superior, inferior, and lateral angles. 



Clavicular Fractures 

The elaviele is the most frequently broken bone of the body. 
It ean break when one falls direetly on the shoulder or thmsts 
out an arm to break a fall and the foree of the fall is transmitted 
through the limb to the peetoral girdle. Fractures most often 
occur at a weak point about one-third of the way from the lateral 
end. When the elaviele is broken, the shoulder tends to drop, 
the sternoeleidomastoid muscle of the neek elevates the medial 
fragment, and the peetoralis major muscle of the ehest may pull 
the lateral fragment toward the sternum. In wide-shouldered 
infants, the elaviele sometimes fractures during birth, but these 
neonatal fractures heal quickly. In ehildren, clavicular fractures 
are often of the greenstiek type. 


6 scap = spade, shovel; ula = little 





















186 


part t wo Support and Movement 


Suprascapular 

noteh 


Aeromion 


Coracoid 

proeess 

Glenoid 
eavity 


Subscapular 

fossa 


Lateral 

border 



Superior 

border 


Superior angle 


Supraspinous 

fossa 


Spine 


Medial 

border 



Aeromion 


1 







Lateral 

angle 


(a) Anterior view 


Inferior angle 

(b) Posterior view 


lnfraspinous 

fossa 


t \ 



Figure 8.2 The Right Scapula. 

Identify the two points where this bone is attaehed to the rest ofthe skeleton. APIR 


A conspicuous suprascapular noteh in the superior border pro- 
vides passage for a nerve. The broad anterior surface of the scapula, 
ealled the subscapular fossa, is slightly eoneave and relatively 
featureless. The posterior surface has a transverse shelflike ridge 
ealled the spine, a deep indentation superior to the spine ealled 
the supraspinous fossa, and a broad surface inferior to it ealled the 
infraspinous fossa. 7 

The most complex region of the scapula is the lateral angle, 
which has three main features: 

1 . The aeromion (ah-CRO-me-on) is a platelike extension of 
the scapular spine that forms the apex of the shoulder. It 
articulates with the elaviele, which forms the sole bridge from 
the appendicular to the axial skeleton. 

2. The eoraeoid 8 (COR-uh-coyd) proeess is shaped like a bent 
finger but named for a vague resemblanee to a crow’s beak; 
it provides attaehment for tendons of the bieeps braehii and 
other muscles of the arm. 

3. The glenoid (GLEN-oyd) eavity is a shallow soeket that 
articulates with the head of the humerus, forming the 
glenohumeral joint. 


Apply What You Know 

What part of the scapula do you think is most eommonly 
fractured? Why? 


7 supra = above; infra = belovv 

8 corac = erovv; oid = shaped, resembling 


Upper Limb 

The upper limb is divided into 3 segments eontaining a total of 
30 bones per limb: 

1. The braehhmi 9 (BRAY-kee-um), or arm proper, extends from 
shoulder to elbow. It eontains only one bone, the humerus. 

2. The antebraehimn, 10 or forearm, extends from elbow to wrist 
and eontains two bones—the radius and ulna. In anatomieal 
position, these bones are parallel and the radius is lateral to 
the ulna. 

3. The manus, n or hand, eontains 27 bones in three groups—8 
earpal bones in the base of the hand, 5 metaearpals in the 
palm, and 14 phalanges in the digits. 

Humerus 

The humerus has a hemispherieal head that articulates with the 
glenoid eavity of the scapula (fig. 8.3). The smooth surface of 
the head (eovered with articular eartilage in life) is bordered by a 
groove ealled the anatomieal neek. Other prominent features of the 
proximal end are muscle attaehments ealled the greater and lesser 
tubercles and an intertubercular sulcus (groove) between them 
that aeeommodates a tendon of the bieeps muscle. The surgical 
neek, a eommon fracture site, is a narrowing of the bone just 
distal to the tubercles, at the transition from the head to the shaft. 


9 brachi = arm 
10 onfe = before 
v man = hand 
u carp = vvrist 
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(a) Anterior view 


(b) Posterior view 


Figure 8.3 The Right Humerus. AP[R^ 


The shaft has a rough area ealled the deltoid tuberosity on its lateral 
surface. This is an insertion for the deltoid muscle of the shoulder. 

The distal end of the humerus has two smooth eondyles. The 
lateral one, ealled the capitulum 13 (ca-PIT-you-lum), is shaped like 
a fat wheel and articulates with the radius. The medial one, ealled 
the troehlea 14 (TROCK-lee-uh), is pulleylike and articulates with 
the ulna. Immediately proximal to these eondyles, the humerus flares 
out to form two bony proeesses, the lateral and medial epieondyles, 
which are easily palpated at the widest point of your elbow. The medial 
epieondyle proteets the idnar nerve, which passes elose to the surface 
aeross the baek of the elbow. This epieondyle is popularly known as the 
“funny bone” because a sharp blow to the elbow at this point stimulates 
the ulnar nerve and produces an intense tingling sensation. Immediately 
proximal to the epieondyles, the margins of the humerus are sharply 
angular and form the lateral and medial supracondylar ridges. These 
are attaehments for eertain forearm muscles. 

The distal end of the humerus also shows three deep pits—two 
anterior and one posterior. The posterior pit, ealled the oleeranon 15 
(oh-LEC-ruh-non) fossa, aeeommodates a proeess of the ulna 
ealled the oleeranon when the elbow is extended. On the anterior 
surface, a medial pit ealled the eoronoid 16 fossa aeeommodates the 


eoronoid proeess of the ulna when the elbow is flexed. The lateral 
pit is the radial fossa, named for the nearby head of the radius. 

Radius 

The radius extends from elbow to wrist on the lateral side of the 
forearm, ending just proximal to the base of the thumb (fig. 8.4). 
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(a) Anterior view 


(b) Posterior view 


Humerus 



13 cop/f = head; ulum = little 
n troch = vvheel, pulley 
^oleeranon = elbovv 

16 coron = something curved; oid = shaped 


(e) Medial view 

Figure 8.4 TheRightRadiusandUlna. Part (e) shows the 

relationship of the troehlear noteh of the ulna to the troehlea of the 
humerus, with the elbow flexed 90°. 
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It has a distinetive diseoidal head at its proximal end. When the 
forearm is rotated so the palm turns forward and baek, the circular 
superior surface of this dise spins on the capitulum of the humerus, 
and the edge of the dise spins on the radial noteh of the ulna. 
Immediately distal to the head, the radius has a narrower neek and 
then widens to a rough prominenee, the radial tuberosity, on its 
medial surface. The distal tendon of the bieeps muscle terminates on 
this tuberosity. 

The distal end of the radius has the following features, from 
lateral to medial: 

1. A bony point, the styloid 17 proeess, ean be palpated proximal 
to the thumb. 

2. Two shallow depressions (articular faeets) articulate with the 
seaphoid and lunate bones of the wrist. 

3. The ulnar noteh articulates with the end of the ulna. 

Ulna 

The ulna 18 is the medial bone of the forearm (fig. 8.4). Its proximal 
end has a wrenchlike shape, with a deep, C-shaped troehlear 
noteh that wraps around the troehlea of the humerus. The 
posterior side of this noteh is formed by a prominent oleeranon— 
the bony point where you rest your elbow on a table. The anterior 
side is formed by a less prominent eoronoid proeess. Laterally, 
the head of the ulna has a less conspicuous radial noteh, which 
aeeommodates the edge of the head of the radius. At the distal end 
of the ulna is a medial styloid proeess. The bony lumps you ean 
palpate on eaeh side of your wrist are the styloid proeesses of the 
radius and ulna. 

The radius and ulna are attaehed along their shafts by a ligament 
ealled the interosseous 19 (IN-tur-OSS-ee-us) membrane (IM), 
which is attaehed to an angular ridge ealled the interosseous 
border on the faeing margins of eaeh bone. Most fibers of the 
IM are oriented obliquely, slanting upward from the ulna to 
the radius. If you lean forward on a table supporting your weight 
on your hands, about 80% of the foree is borne by the radius. 
This tenses the IM, which pulls the ulna upward and transfers 
some of this foree through the ulna to the humerus. The IM 
therefore enables the two elbow joints (between humerus and 
radius, and humerus and ulna) to share the load and reduces 
the wear and tear that one joint would otherwise have to bear 
alone. The IM also serves as an attaehment for several forearm 
muscles. 

Carpal Bones 

The earpal bones are arranged in two rows of four bones eaeh 
(fig. 8.5). Although they are eommonly ealled the wrist bones, 
they are loeated in the base of the hand. The narrow point where 
one might wear a watch or braeelet is at the distal ends of the 
radius and ulna. The short earpal bones allow movements of the 
wrist from side to side and anterior to posterior. The earpal bones 


of the proximal row, starting at the lateral (thumb) side, are the 
seaphoid, limate, triquetrum (tri-QUEE-trum), and pisiform 
(PY-sih-form)—Latin for boat-, moon-, triangle-, and pea- 
shaped, respeetively. Unlike the other earpal bones, the pisiform 
is a sesamoid bone; it is not present at birth but develops around 
the age of 9 to 12 years within the tendon of th t flexor earpi 
ulnaris muscle. 

The bones of the distal row, again starting on the lateral side, 
are the trapezium, 20 trapezoid, eapitate, 21 and hamate. 22 The 
hamate ean be reeognized by a prominent hook, or hamulus, on 
the palmar side. The hamulus is an attaehment for the flexor reti- 
naculum, a fibrous sheet in the wrist that eovers the earpal tunnel 
(see fig. 12.9, p. 307). 


Metaearpal Bones 

r\ r\ 

Bones of the palm are ealled metaearpals. Metaearpal I is 
loeated proximal to the thumb and metaearpal V is proximal to 
the little finger (fig. 8.5). On a skeleton, the metaearpals look 
like extensions of the fingers, so the fingers seem much longer 
than they really are. The proximal end of a metaearpal bone is 
ealled the base, the shaft is ealled the body, and the distal end 
is ealled the head. The heads of the metaearpals form the knuckles 
when you eleneh your fist. 


Phalanges 

The bones of the fingers are ealled phalanges (fah-LAN-jeez); 
in the singular, phalanx 24 (FAY-lanks). There are two phalanges 
in the pollex (thumb) and three in eaeh of the other digits 
(fig. 8.5). Phalanges are identified by roman numerals preeeded 
by proximal, middle, and distal. For example, proximal phalanx I 
is in the basal segment of the thumb (the first segment beyond the 
web between the thumb and palm); the left proximal phalanx IV 
is where people usually wear wedding rings; and distal phalanx 
V forms the tip of the little finger. The three parts of a phalanx 
are the same as in a metaearpal: base, body, and head. The 
ventral surface of a phalanx is slightly eoneave from end to end 
and flattened from side to side; the dorsal surface is rounder and 
slightly convex from end to end. 

Evolution of the Forelimb 

Elsewhere in ehapters 7 and 8, we examine how the evolution 
of bipedal loeomotion in humans has affeeted the skull, ver- 
tebral column, and lower limb. The effeets of bipedalism on 
the upper limb are less immediately obvious, but nevertheless 
substantial. In apes, all four limbs are adapted primarily for 
walking and elimbing, and the forelimbs are longer than the 
hindlimbs. Thus, the shoulders are higher than the hips when the 
animal walks. When some apes such as orangutans and gibbons 
walk bipedally, they typieally hold their long forelimbs over 


17 sfy/ = pillar; oid = shaped 
18 i//no = elbovv 

19 /'nfer = betvveen; osse = bones 


20 tropez = table, grinding surface 
21 cop/'f = head; ofe = possessing 
22 hom = hook; ofe = possessing 
23 meto = beyond; eorp = vvrist 
2A phalanx = line of soldiers, elosely knit rovv 
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(e) X-ray of adult hand 


Figure 8.5 The Right Hand, Anterior (Palmar) View. (a) Carpal bones are eolor-eoded to distinguish the proximal (yellow) and distal (green) 
rows. Some people remember the names of the earpal bones with the mnemonie, “Sally left the party to take Charlie home.” The first letters of 
these words eorrespond to the first letters of the earpal bones, from lateral to medial, proximal row first. (b) The right hamate bone, viewed from the 
proximal side of the wrist to show its distinetive hook. This unique bone is a useful landmark for loeating the others when studying the skeleton. 

(e) Color-enhanced X-ray of an adult hand. Identify the unlabeled bones in the X-ray by eomparing it with the drawing in part (a). A small sesamoid 
bone is visible at the base of the thumb. The pisiform bone in part (a) is also a sesamoid bone. 

• How does port (e) differ from the X-roy ofo ehild’s hond in figure 6.10, p. 141? apr 
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their heads to prevent them from dragging on the ground. By 
eontrast, the human forelimbs are adapted primarily for reaehing 
out, exploring the environment, and manipulating objeets. 
They are shorter than the hindlimbs and far less muscular than 
the forelimbs of apes. No longer needed for loeomotion, our 
forelimbs, espeeially the hands, have beeome better adapted 
for earrying objeets, holding things eloser to the eyes, and 
manipulating them more preeisely. Although the forelimbs have 
the same basie bone and muscle pattern as the hindlimbs, the 
joints of the shoulders and hands, espeeially, give the forelimbs 
far greater mobility. 


Before Yoii Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. Deseribe how to distinguish the medial and lateral ends 
of the elaviele from eaeh other and how to distinguish its 
superior and inferior surfaces. 

2. Name the three fossae of the scapula and deseribe the 
loeation of eaeh. 

3. What three bones meet at the elbow? Identify the fossae, 
articular surfaces, and proeesses of this joint and state to 
which bone eaeh of these features belongs. 

4. Name the earpal bones of the proximal row from lateral to 
medial, and then the bones of the distal row in the same order. 

5. Name the four bones from the tip of the little finger to the 
base of the hand. 

6. Palpate as many of the following structures as possible, 
and identify which ones eannot normally be palpated 
on a living person: the inferior angle of the scapula, the 
subscapular fossa, the aeromion, the epieondyles of 
the humerus, the oleeranon, and the interosseous mem- 
brane of the forearm. 




The Pelvie Girdle 
and Lower Limb 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be 

able to 

a. identify and deseribe the features of the pelvie girdle, 
femur, patella, tibia, fibula, and bones of the foot; 

b. eompare the anatomy of the male and female pelvie 
girdles and explain the functional signifieanee of the 
differenees; and 

e. deseribe the evolutionary adaptations of the pelvis and 
hindlimb for bipedal loeomotion. 


Pelvie Girdle 

The terms pelvis and pelvie girdle are used in eontradietory 
ways by various authorities. Here we will follow the praetiee of 
Gray’s Anatomy in eonsidering the pelvie girdle to eonsist of 
a eomplete ring eomposed of three bones (fig. 8.6) —two hip 
(coxal) bones and the sacrum (which of course is also part of 
the vertebral column). The hip bones are also frequently ealled 
the ossa coxae 25 (OS-sa COC-see) (singular, os coxae ) and some- 
times innominate 26 bones—arguably the most self-eontradietory 
term in human anatomy (“the bones with no name”). The pelvis 
is a bowl-shaped structure eomposed of these bones as well 
as their ligaments and the muscles that line the pelvie eavity 
and form its floor. The pelvie girdle supports the trunk on the 
lower limbs and eneloses and proteets the viseera of the pelvie 
eavity—mainly the lower eolon, urinary bladder, and internal 
reproductive organs. 

Eaeh hip bone is joined to the vertebral column at one 
point, the saeroiliae (SI) joint, where its auricular 27 surface 
matehes the auricular surface of the sacrum. The two hip bones 
articulate with eaeh other on the anterior side of the pelvis, 
where they are joined by a pad of fibroeartilage ealled the 
interpubic dise. The interpubic dise and the adjaeent region 
of pubic bone on eaeh side constitute the pubic symphysis, 28 
which ean be palpated as a hard prominenee immediately above 
the genitalia. 

True to its name, the pelvis 29 has a bowl-like shape with 
the broad greater (false) pelvis between the flare of the hips 
and the narrow lesser (true) pelvis below (fig. 8.6b). The two 
are separated by a somewhat round margin ealled the pelvie 
brim. The greater pelvis forms the walls of the lower abdominal 
eavity, whereas the lesser pelvis eneloses the pelvie eavity. The 
opening eiremnseribed by the brim is ealled the pelvie inlet— 
an entry into the lesser pelvis through which an infant’s head 
passes dming birth. The lower margin of the lesser pelvis is 
ealled the pelvie outlet. 

The hip bones have three distinetive featmes that will serve 
as landmarks for fmther deseription. These are the iliae 30 erest 
(superior erest of the hip); acetabulum 31 (ASS-eh-TAB-you- 
lum) (the hip soeket—named for its resemblanee to vinegar 
cups used on aneient Roman dining tables); and obturator 32 
foramen (a large round-to-triangular hole below the aee- 
tabulum, elosed in life by a ligament ealled the obturator 
membrane). 

The adult hip bone forms by the fusion of three ehildhood 
bones ealled the ilium (ILL-ee-um), ischium (ISS-kee-um), and 


25 os, osso = bone, bones; coxae = of the hip(s) 

26 /n = without; nomin = name; ofe = possessing 

27 aur = ear; icul = little; ar = like 

28 sym = together; physis = growth 

29 pelvis = basin, bowl 

30 /V/ = flank, loin; oe = pertaining to 

3 ^acetabulum = vinegar cup 

32 obtur = to elose, stop up; ator = that which 
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Pubic symphysis 


(a) Anterosuperior view 


Pelvie brim 


Pelvie inlet 


Figure 8.6 The Pelvie Girdle. (a) Anterosuperior view, tilted slightly 
toward the viewer to show the base of the saemrn and the pelvie inlet. 
(b) Median seetion to show the greater and lesser pelvis and the pelvie 
inlet and outlet. 

How is this onotomy reloted to the existence offontonels in the skull 
ofthe newborn infont? 
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Saeroiliae joint 
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Coccyx 


Acetabulum 
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foramen 



(b) Median seetion 


pubis (PEW-biss), identified by eolor in figure 8.7. The largest 
of these is the iliiim, which extends from the iliae erest to the 
eenter of the acetabulum. The iliae erest extends from an anterior 
point or angle ealled the anterior superior iliae spine to a sharp 
posterior angle ealled the posterior superior iliae spine. In a 
lean person, the anterior spines form visible anterior protmsions 
at a point where the poekets usually open on a pair of pants, and 
the posterior spines are sometimes marked by dimples above 
the buttocks where eonneetive tissue attaehed to the spines pulls 
inward on the skin (see fig. A.15, p. 343). 

Below the superior spines are the anterior and posterior 
inferior iliae spines. Below the latter is a deep greater seiatie 33 
(sy-AT-ie) noteh, named for the seiatie nerve that passes through 
it and continues down the posterior side of the thigh. 


The posterolateral surface of the ilium is relatively rough- 
textured because it serves for attaehment of several muscles of the 
buttocks and thighs. The anteromedial surface, by eontrast, is the 
smooth, slightly eoneave iliae fossa, eovered in life by the broad 
iliacus muscle. Medially, the ilium exhibits an auricular surface 
that matehes the one on the saemrn, so the two bones form the 
saeroiliae joint. 

The ischium 34 forms the inferoposterior portion of the hip 
bone. Its heavy body is marked with a prominent spine. Inferior 
to the spine is a slight indentation, the lesser seiatie noteh, and 
then the thiek, rough-surfaced isehial tuberosity, which supports 
your body when you are sitting. The tuberosity ean be palpated by 
sitting on your fingers. The ramus of the ischium joins the inferior 
ramus of the pubis anteriorly. 


33 sciot = hip or isehiiim; /'e = pertaining to 


34 ischium = hip 


















































192 


part t wo Siipport and Movement 



Inferior gluteal 
line 

Posterior gluteal 
line 


Posterior superior 
iliae spine 

Posterior inferior 
iliae spine 

Greater seiatie noteh 


Acetabulum 


isehial spine 


Lesser seiatie noteh 


Body of ischium 


isehial tuberosity 







Ramus of ischium 


lliae erest 


Anterior gluteal 
line 


Anterior superior 
iliae spine 


Anterior inferior 
iliae spine 

Body of ilium 


Superior ramus 
of pubis 

Body of pubis 

Inferior ramus 
of pubis 

Obturator foramen 


(a) Lateral view 


lliae fossa 


Anterior superior 
iliae spine 


Arcuate line 


Anterior inferior 
iliae spine 


Peetineal line 


Loeation of 
pubic symphysis 



lliae erest 


Posterior superior 
iliae spine 

Auricular surface 

Posterior inferior 
iliae spine 

Greater seiatie noteh 
isehial spine 


Obturator foramen 


Ramus of ischium 


(b) Medial view 


Figure 8.7 The Right Hip Bone. The three ehildhood bones that fuse to form the adult hip bone are identified by eolor. AP! F[ 
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The pubis (pubic bone) is the most anterior portion of the hip 
bone; it is nearly horizontal, and forms a platform that supports 
the urinary bladder. It has a superior and inferior ramus and 
a triangular body. The body of one pubis meets the body of 
the other at the pubic symphysis. The pubis and ischium eneirele 
the obturator foramen. The pubis is sometimes fractured when the 
pelvis is subjected to violent anteroposterior eompression, as in 
seat-belt injuries. 

Human pelvie anatomy is a eompromise between two 
requirements—bipedalism and ehildbirth. In apes and other qua- 
dmpedal (four-legged) mammals, the abdominal viseera are 
supported by the muscular wall of the abdomen. In humans, 
however, they bear down on the floor of the pelvie eavity, and a 
bowl-shaped pelvis helps support their weight. This has resulted 
in a narrower pelvie outlet—a eondition that ereates pain and 
difficulty in giving birth to the large-brained infants of our speeies. 
Humans must be born before the eranial bones fuse so that the head 
ean squeeze through the outlet. This is thought to be the reason 
why our infants are born in such an immature state eompared to 
those of other primates. 

The largest muscle of the buttock, the gluteus maximus, 
serves in ehimpanzees and other apes primarily as an abductor 
of the thigh—that is, it moves the lower limb laterally. In 
humans, however, the ilium has expanded posteriorly, so the 
gluteus maximus originates behind the hip joint. This ehanges 
the function of the muscle—instead of abducting the thigh, it 
pulls it baek in the seeond half of a stride (pulling baek on your 
right thigh, for example, when your left foot is off the ground 
and swinging forward). When one is standing, the gluteus 
maximus also pulls the pelvis posteriorly so that the body’s 
weight is better balaneed on the lower limbs. This helps us 
to stand upright without expending a great deal of energy to 
keep from falling forward. The posterior growth of the ilium 
is the reason the greater seiatie noteh is so deeply eoneave 
(fig. 8.8). The ilium also curves farther anteriorly in humans 



ehimpanzee Human 


Figure 8.8 Chimpanzee and Human Hip Bones. Lateral views of the 
right hip bone. The human ilium forms a more bowl-like greater pelvis and 
is expanded posteriorly (toward page left) so thatthe gluteus maximus 
muscle produces an effeetive backswing of the thigh during the stride. 


than in apes. This positions other ghiteal muscles (the gluteus 
medius and minimus ) in front of the hip joint, where they rotate 
and balanee the trunk so we don’t sway from side to side like 
ehimpanzees do when they walk bipedally. These evolution- 
ary ehanges in the pelvis and assoeiated muscles account for 
the smooth, effieient stride of a human as eompared to the 
awkward, shuffling gait of a ehimpanzee or gorilla when it 
walks upright. 

The pelvis is the most sexually dimorphie part of the 
skeleton—that is, the one whose anatomy most differs between 
the sexes. In identifying the sex of skeletal remains, forensie 
seientists focus espeeially on the pelvis. The average male pelvis 
is more robust (heavier and thieker) than the female’s, owing to 
the forees exerted on the bone by stronger muscles. The female 
pelvis is adapted to the needs of pregnaney and ehildbirth. It is 
wider and shallower and has a larger pelvie inlet and outlet for 
passage of the infant’s head. Table 8.1 and figure 8.9 summarize 
the most useful features of the pelvis in the sexual identifieation 
of skeletal remains. 


Lower Limb 

The number and arrangement of bones in the lower limb are 
similar to those of the upper limb. In the lower limb, however, 
they are adapted for weight bearing and loeomotion and are 
therefore shaped and articulated differently. The lower limb 
is divided into four regions eontaining a total of 30 bones 
per limb: 

1. The femoral region, or thigh, extends from hip to 
knee and eontains th zfemur. The patella (kneeeap) is a 
sesamoid bone at the junction of the femoral and crural 
regions. 

2. The crural (CROO-rul) region, or leg proper, extends from 
knee to ankle and eontains two bones, the medial tibia and 
lateral fibida. 

3. The tarsal region (tarsus), or ankle, is the union of the emral 
region with the foot. The tarsal bones are treated as part of 
the foot. 

4. The pedal region (pes), or foot, is eomposed of 7 tarsal 
hones, 5 metatarsals, and 14 phalanges in the toes. 

Ferrmr 

The femur (FEE-mur) is the longest and strongest bone of the 
body, measuring about one-quarter of one’s height (fig. 8.10). 
It has a hemispherieal head that articulates with the acetabulum 
of the pelvis, forming a quintessential ball-and-soeket joint. A 
ligament extends from the acetabulum to a pit, the fovea eapitis 35 
(FOE-vee-uh CAP-ih-tiss), in the head of the femur. Distal to the 
head is a eonstrieted neek, a eommon site of femoral fractures 


35 fovea = pit; eapitis = of the head 
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TABLE 8.1 


Comparison of the Male and Female Pelvis 


Feature 


Male 


Female 


General appearanee 


More massive; rougher; heavier proeesses 


Less massive; smoother; more delieate proeesses 


Tilt 


Upper end of pelvis relatively vertieal 


Upper end of pelvis tilted forward 


Depth of greater pelvis Deeper; ilium projeets farther above saeroiliae joint 


Shallower; ilium does not projeet as far above saeroiliae joint 


Width of greater pelvis Hips less flared; anterior superior spines eloser together Hips more flared; anterior superior spines farther apart 


Pelvie inlet 


Heart-shaped 


Round or oval 


Pelvie outlet 


Smaller 


Larger 


Subpubic angle 


Narrower, usually 90° or less 


Wider, usually greater than 100 


Pubic symphysis 


Taller 


Shorter 


Body of pubis 


More triangular 


More rectangular 


Greater seiatie noteh 


Narrower 


Wider 


Obturator foramen 


Rounder 


More oval to triangular 


Acetabulum 


Larger, faees more laterally 


Smaller, faees slightly anteriorly 


Sacrum 


Narrower and deeper 


Wider and shallower 


Coccyx 


Less movable; more vertieal 


More movable; tilted posteriorly 




g Narrow greater 
| seiatie noteh 



Tall pubic- 
symphysis 


Male Female 





Wide greater | 
seiatie noteh § 



Short pubic 
symphysis 
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Figure 8.9 Comparison of Male and Female Pelvie Girdles. Top; Medial views of hip bone. Bottom: Anterior views of pelvie girdle. Compare table 8.1. 
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Head 
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Lesser troehanter 


Spiral line 


Shaft 


Medial supracondylar line 


Popliteal surface 
Medial epieondyle 


Medial eondyle 
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Greater troehanter 


intertroehanterie erest 


Gluteal tuberosity 


Linea aspera 


Lateral supracondylar 
line 


Lateral epieondyle 
Lateral eondyle 
intereondylar fossa 


Articular faeets 


(a) Anterior view 

Figure 8.10 The Right Femur and Patella. 

How mony orticulor surfoces eon you identify on the femur? Where ore they? 


(b) Posterior view 



(see Deeper Insight 8.2 and fig. 8.11). Just beyond the neek 
are two massive, rough proeesses ealled the greater and lesser 
troehanters (tro-CAN-turs), which are insertions for the powerful 
muscles of the hip. The troehanters are eonneeted on the posterior 
side by a thiek oblique ridge of bone, the intertroehanterie erest, 
and on the anterior side by a more delieate intertroehanterie line. 

The primary feature of the shaft is a posterior ridge ealled the 
linea aspera 37 (LIN-ee-uh ASS-peh-ruh). At its upper end, the 
linea aspera forks into a medial spiral line and a lateral gluteal 
tuberosity. The gluteal tuberosity is a rough ridge (sometimes 
a depression) that serves for attaehment of the gluteus maximus 


36 trochonter = to run 
37 linea = line; asper = rough 


muscle. At its lower end, the linea aspera forks into medial 
and lateral supracondylar lines, which continue down to the 
respeetive epieondyles. 

The distal end of the femur flares into medial and lateral 
epieondyles, the widest points of the femur at the knee. These 
and the supracondylar lines are attaehments for eertain thigh 
and leg muscles and knee ligaments. Distal to these are two 
smooth round surfaces of the knee joint, the medial and lateral 
eondyles, separated by a groove ealled the intereondylar 
(IN-tur-CON-dih-lur) fossa. During knee flexion and extension, 
the eondyles roek on the superior surface of the tibia. On 
the anterior side of the femur, a smooth medial depression 
ealled the patellar surface articulates with the patella. On 
the posterior side is a flat or slightly depressed area ealled the 
popliteal surface. 












































196 


part t wo Siipport and Movement 



Femoral Fractures 

Thefemurisa verystrong bone,well guarded bythethigh muscles, 
and it is not often fractured. Nevertheless, it ean break in high- 
impaet trauma suffered in automobile and equestrian aeeidents, 
figure skating falls, and so forth. If a person in an automobile 
eollision has the feet braeed against the floor or brake pedal with 
the knees locked,theforce of impaetistransmitted uptheshaftand 
may fracture the shaft or neek of the femur (fig. 8.11). Comminuted 
and spiral fractures of the shaft ean take up to a year to heal. 

A “broken hip” is usually a fracture of the femoral neek, the 
weakest part of the femur. Elderly people often break the femoral 
neek when they stumble or are knoeked down—espeeially women 
whose femurs are weakened by osteoporosis. Fractures of the 
femoral neek heal poorly because this is an anatomieally unstable 
site and it has an espeeially thin periosteum with limited potential 
for ossifieation. In addition, fractures in this site often break blood 
vessels and cut off blood flow, resulting in degeneration of the 
head (posttraumatic avascular neerosis). 






9 


Spiral fracture 


Fracture of 
femoral neek 


Figure 8.11 Fractures of the Femur. Violent trauma, as in auto- 
mobile aeeidents, may cause spiral fractures of the femoral shaft. 
The femoral neek often fractures in elderly people as a result (or 
cause) of falls. 


Although the femurs of apes are nearly vertieal, in humans they 
angle medially from the hip to the knee (fig. 8.12). This plaees our 
knees eloser together, beneath the body’s eenter of gravity. We loek 
our knees when standing (see p. 213), allowing us to maintain an 
ereet posture with little muscular effort. Apes eannot do this, and they 
eannot stand on two legs for very long without tiring—much as you 
would if you tried to maintain an ereet posture with your knees 
slightly bent. 


Patella 

The patella, 38 or kneeeap (see fig. 8.10), is a roughly triangular 
sesamoid bone embedded in the tendon of the knee. It is earti- 
laginous at birth and ossifies at 3 to 6 years of age. It has a broad 
superior base, a pointed inferior apex, and a pair of shallow 
articular faeets on its posterior surface where it articulates 
with the femur. The lateral faeet is usually larger than the 
medial. The quadriceps femoris tendon extends from the ante- 
rior quadriceps femoris muscle of the thigh to the patella, then 
continues as the patellar ligament from the patella to the tibia. 


38 pat = pan; ella = little 



Chimpanzee Human 


Figure 8.12 Adaptation of the Lower Limb for Bipedalism. In 

eontrast to ehimpanzees, which are quadrupedal, humans have the 
femurs angled medially so the knees are more nearly below the body’s 
eenter of gravity. 
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This is a ehange in terminology more than a ehange in structure 
or function, as a tendon eonneets muscle to bone and a liga- 
ment eonneets bone to bone. Because of the way the quadriceps 
tendon loops over the patella, the patella modifies the direetion 
of pull by the quadriceps muscle and improves its effieieney in 
extending the knee. 

Tibia 

The leg has two bones—a thiek strong tibia (TIB-ee-uh) on the 
medial side and a slender fibula (FIB-you-luh) on the lateral side 
(fig. 8.13). The tibia 39 is the only weight-bearing bone of the 
emral region. Its broad superior head has two fairly flat articu- 
lar surfaces, the medial and lateral eondyles, separated by a 
ridge ealled the intereondylar eminenee. The eondyles of the 
tibia articulate with those of the femur. The rough anterior sur- 
faee of the tibia, the tibial tuberosity, ean be palpated just below 
the patella. This is where the patellar ligament inserts and the 
quadriceps muscle exerts its pull when it extends the leg. Distal 
to this, the shaft has a sharply angular anterior border, which 
ean be palpated in the shin region. At the ankle, just above the 
rim of a standard dress shoe, you ean palpate a prominent bony 
knob on eaeh side. These are the medial and lateral malleoli 40 


39 tibio = shinbone 

40 malle = hammer; olus = little 


(MAL-ee-OH-lie). The medial malleolus is part of the tibia, and 
the lateral malleolus is part of the fibula. 

Fibula 

The fibula 41 (fig. 8.13) is a slender lateral strut that helps to 
stabilize the ankle. It does not bear any of the body’s weight; 
indeed, orthopedie surgeons sometimes remove part of the fibula 
and use it to replaee damaged or missing bone elsewhere in the 
body. The fibula is somewhat thieker and broader at its proximal 
end, the head, than at the distal end. The point of the head is ealled 
the apex. The distal expansion is the lateral malleolus. The fibula 
is joined to the tibia by a ligament ealled the interosseons mem- 
brane , similar to the one that joins the ulna and radius, and by 
shorter ligaments at the superior and inferior ends where the head 
and apex eontaet the tibia. 

The Ankle and Foot 

The tarsal bones of the ankle are arranged in proximal and 
distal groups somewhat like the earpal bones of the wrist 
(fig. 8.14). Because of the load-bearing role of the ankle, how- 
ever, their shapes and arrangement are conspicuously different 
from those of the earpal bones, and they are thoroughly inte- 
grated into the structure of the foot. The largest tarsal bone is the 


41 /yò = pin; ulo = little 
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(a) Anterior view 


(b) Posterior view 


Figure 8.13 The Right Tibia and Fibula. APl R| 
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(a) Superior (dorsal) view 


(b) Inferior (plantar) view 


Troehlear 



(e) Medial view 


Figure 8.14 The Right Foot. 

In port (e), whot one bone is leost likely to be present in o yeor-old infont? Exploin. AP, R 


calcaneus 42 (cal-CAY-nee-us), which forms the heel. Its posterior 
end is the point of attaehment for the ealeaneal (Aehilles) 
tendon from the ealf muscles. The seeond-largest tarsal bone, 
and the most superior, is the talus. 43 It has three articular 
surfaces: an inferoposterior one that articulates with the ealea- 
neus, a superior troehlear 44 surface that articulates with the 
tibia, and an anterior surface that articulates with a short, wide 
tarsal bone ealled the navicular. 45 The talus, calcaneus, and 
navicular are eonsidered the proximal row of tarsal bones. 


42 co/c = stone, ehalk 

43 fo/os = ankle 

44 froch/e = pully; ar = like 

45 nav = boat; icul = little; ar = like 


The distal group forms a row of four bones. Proeeeding from 
medial side to lateral, these are the medial, intermediate, and 
lateral cuneiforms 46 (cue-NEE-ih-forms) and the cuboid. 47 The 
cuboid is the largest. 


Apply What You Know 

The upper and lovver limbs eaeh eontain 30 bones, yet vve have 
8 earpal bones in the upper limb and only 7 tarsal bones in the 
lovver limb. What makes up the differenee in the lovver limb? 


46 cunei = vvedge; form = in the shape of 
47 cub = cube; oid = shaped 
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The remaining bones of the foot are similar in arrangement 
and name to those of the hand. The proximal metatarsals 48 are 
similar to the metaearpals. They are metatarsals I through V 
from medial to lateral, metatarsal I being proximal to the great 
toe. Note that roman numeral I represents the medial group of 
bones in the foot but the lateral group in the hand. In both 
eases, however, it refers to the largest digit of the limb (see 
Deeper Insight 8.3). Metatarsals I through III articulate with 
the three cuneiforms; metatarsals IV and V articulate with the 
cuboid. 

Bones of the toes, like those of the fingers, are ealled phalanges. 
The great toe is the hallux and eontains only two bones, the proxi- 
mal and distal phalanx I. The other toes eaeh eontain a proximal, 
middle, and distal phalanx. The metatarsal and phalangeal bones 
eaeh have a base, body, and head, like the bones of the hand. All of 
them, espeeially the phalanges, are slightly eoneave on the inferior 
(plantar) side. 


48 /r?eío = beyond; tars = ankle 


As important as the hand has been to human evolution, the 
foot may be an even more signifieant adaptation. Unlike other 
mammals, humans support their entire body weight on two feet. 
The tarsal bones are tightly articulated with eaeh other, and the 
calcaneus is strongly developed. The hallux is not opposable as 
it is in most Old World monkeys and apes (fig. 8.15) —that is, 
humans eannot effeetively grasp objeets with the great toe—but 
it is highly developed so that it provides the u toe-off ’ that pushes 
the body forward in the last phase of the stride. For this reason, 
loss of the hallux has a more erippling effeet than the loss of any 
other toe. 

Although apes are flat-footed, humans have strong, springy 
foot arehes that distribute the body’s weight between the heels 
and the heads of the metatarsal bones and absorb stress as the 
body jostles up and down during walking and mnning (fig. 8.16). 
The medial longitudinal areh, which essentially extends from 
heel to hallux, is formed from the calcaneus, talus, navicular, 
cuneiforms, and metatarsals I through III. It is normally well 
above the ground, as evideneed by the shape of a wet footprint. 



Anatomieal Position—Clinical 
and Biologieal Perspeetives 

It may seem puzzling that we count metaearpal bones I 
through V from lateral to medial, but count metatarsal bones I 
through V from medial to lateral. This minor point of confusion 
is the legaey of a eommittee of anatomists who met in the early 
1900s to define anatomieal position. A eontroversy arose as to 
whether the arms should be presented with the palms forward 
or faeing the rear in anatomieal position. Veterinary anatomists 
argued that palms to the rear (forearms pronated) would be a 
more natural position eomparable to forelimb orientation in 
other animals. It is more eomfortable to stand with the fore- 
arms pronated, and when a ehild crawls on all fours, he or she 
does so with the palms on the floor, in the pronated position. 
In this animal-like stanee, the largest digits (thumbs and great 
toes) are medial on all four limbs. Human elinieal anatomists, 
however, argued that if you ask patients to “show me your 
arms” or “show me your hands,” most present the palms for- 
ward or upward—that is, supinated. The elinieal anatomists 
won the debate, foreing us, the heirs to this terminology, to 
number the hand and foot bones in a biologieally less rational 
order. 

A few other anatomieal terms also refleet less than perfeet 
logie. The dorsum of the foot is its superior surface—it does not 
faee dorsally—and the dorsol ortery and dorsolnerve ofthe penis 
lie along the surface that faees anteriorly (ventrally) (see fig. 26.9, 
p. 713). In a eat, dog, or other quadrupedal mammal, however, the 
dorsum of the foot and the dorsal artery and nerve of the penis 
do faee dorsally (upward). However illogieal some of these terms 
may seem, we inherit them from eomparative anatomy and the 
habit of naming human structures after the eorresponding struc- 
tures in other speeies. 


Foot 



ehimpanzee 



Human 


Figure 8.15 Some Adaptations of the Foot for Bipedalism. The 

great toe (hallux) of the ehimpanzee is prehensile—able to eneirele 
and grasp objeets. The human greattoe is nonprehensile but 
is more robust and is adapted for the toe-off part of the long 
bipedal stride. 
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(a) Inferior (plantar) view 


(b) X-ray of right foot, lateral view 


Figure 8.16 Arehes of the Foot. 


The lateral longitudinal areh extends from heel to little toe and 
includes the calcaneus, cuboid, and metatarsals IV and V. The 
transverse areh includes the cuboid, cuneiforms, and proximal 
heads of the metatarsals. These arehes are held together by 
short, strong ligaments. Excessive weight, repetitious stress, 
or eongenital weakness of these ligaments ean streteh them, 
resulting in pes planus (eommonly ealled flat feet or fallen 
arehes). This eondition makes a person less tolerant of pro- 
longed standing and walking. 


Before Yoii Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

7. Name the bones of the adult pelvie girdle. What three 
bones of a ehild fuse to form the hip bone of an adult? 

8. Name any four structures of the pelvis that you ean palpate, 
and deseribe vvhere to palpate them. 

9. Deseribe several vvays in vvhieh the male and female pelvie 
girdles differ. 

10. What parts of the femur are involved in the hip joint? What 

parts are involved in the knee joint? 

11. Name the prominent knobs on eaeh side of your ankle. 
What bones contribute to these structures? 

12. Name all the bones that articulate vvith the talus and 

deseribe the loeation of eaeh. 

13. Deseribe several vvays in vvhieh the human and ape pelvis 

and hindlimb differ, and the functional reason for the 
differenees. 




Developmental and 
ei nieal Perspeetives 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be 
able to 

a. deseribe the pre- and postnatal development of the 
appendicular skeleton; and 

b. deseribe some eommon disorders of the appendicular 
skeleton. 


Development of the 
Appendicular Skeleton 

With few exceptions, the bones of the limbs and their girdles arise 
by endoehondral ossifieation. Exceptions include the elaviele, 
which forms primarily by intramembranous ossifieation, and 
sesamoid bones (the pisiform and patella). Although limb and limb 
girdle ossifieation is well under way at the time of birth, it is not 
eompleted until a person is in his or her 20s. 

The first sign of limb development is the appearanee of upper 
limb buds around day 26 to 27 and lower limb buds 1 or 2 days 
later. A limb bud eonsists of a eore of mesenehyme eovered with 
eetoderm. The limb buds elongate as the mesenehyme proliferates. 
The distal ends of the limb buds flatten into paddlelike hand and 
foot plates. By day 38 in the hand and day 44 in the foot, these 
plates show parallel ridges ealled digital rays, the future fingers 
and toes. The mesenehyme between the digital rays breaks down 
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by apoptosis, forming notehes between the rays that deepen until, 
at the end of week 8, the digits are well separated. 

Condensed mesenehymal models of the future limb bones 
first appear during week 5. Chondrification is apparent by 
the end of that week, and by the end of week 6, a eomplete 
cartilaginous limb skeleton is present. The long bones begin to 
ossify in the following week, in the manner deseribed in ehapter 6 
(see fig. 6.9, p. 141). The humerus, radius, ulna, femur, and tibia 
develop primary ossifieation eenters in weeks 7 to 8; the scapula 
and ilium in week 9; the metaearpals, metatarsals, and phalanges 
over the next 3 weeks; and the ischium and pubis in weeks 
15 and 20, respeetively. The elaviele ossifies intramembranously 
beginning early in week 7. 

The earpal bones are still cartilaginous at birth. Some of them 
ossify as early as 2 months of age (the eapitate) and some as late as 
9 years (the pisiform). Among the tarsal bones, the calcaneus and 
talus begin to ossify prenatally at 3 and 6 months, respeetively; the 
cuboid begins to ossify just before or after birth; and the cunei- 
forms do not ossify until 1 to 3 years of age. The patella ossifies 
at 3 to 6 years. The epiphyses of the long bones are cartilaginous 
at birth, with their seeondary ossifieation eenters just beginning 
to form. The epiphyseal plates persist until about age 20, at which 
time the epiphysis and diaphysis fuse and bone elongation eeases. 
The ilium, ischium, and pubis are not fully fused into a single hip 
bone until the age of 25. 

It may seem curious that the largest digits (the thumb and 
great toe) are lateral in the hand but medial in the foot, and that 
the elbows and knees flex in opposite direetions. This results from 
a rotation of the limbs that occurs in week 7. Early that week, the 
limbs extend anteriorly from the body, the hand plate shows the 
first traees of separation of the finger buds, and the foot is still 
a relatively undifferentiated foot plate (fig. 8.17a). The future 
thumb and great toe are both direeted superiorly, and the future 




Future 

thumb 


Future 
great toe 



Thumb 

Elbow 

Knee 

Great 

toe 


(a) Seven weeks 


(b) Eight weeks 


palms and soles faee eaeh other medially. But then the limbs rotate 
about 90° in opposite direetions. The upper limb rotates laterally. 
To visualize this, hold your hands straight out in front of you with 
the palms faeing eaeh other as if you were about to elap. Then 
rotate your forearms so the thumbs faee away from eaeh other 
(laterally) and the palms faee upward. The lower limbs rotate in 
the opposite direetion, medially, so that the soles faee downward 
and the great toes beeome medial. Thus, the thumb and great toe 
end up on opposite sides of the hand and foot (fig. 8.17b). This 
rotation also explains why the elbow and knee flex in opposite 
direetions, and why (as you will see in ehapter 12) the muscles 
that flex the elbow are on the anterior side of the arm, but those 
that flex the knee are on the posterior side of the thigh. 


Pathology of the Appendicular Skeleton 

The appendicular skeleton is subject to several developmental 
abnormalities, occurring in as many as 2 out of 1,000 live births. 
The most striking is amelia, 49 a eomplete absenee of one or 
more limbs. The partial absenee of a limb is ealled meromelia. 50 
Meromelia typieally entails an absenee of the long bones, 
with mdimentary hands or feet attaehed direetly to the trunk 
(see fig. 4.14, p. 103). Such defeets are often aeeompanied by 
deformities of the heart, urogenital system, or eraniofaeial 
skeleton. These abnormalities are usually hereditary, but they ean 
be induced by teratogenie ehemieals such as thalidomide. The 
limbs are most vulnerable to teratogens in the fourth and fifth 
weeks of development. 

Another elass of developmental limb disorders includes 


polydaetyly, 5 1 the presenee of extra fingers or toes (fig. 8.18a), 
and syndaetyly, 52 the fusion of two or more digits. The latter 
results from a failure of the digital rays to separate. Cutaneous 
syndaetyly, most eommon in the foot, is the persistenee of a skin 
web between the digits, and is relatively easy to eorreet surgically. 
Osseous syndaetyly is fusion of the bones of the digits, owing to 
failure of the notehes to form between the embryonie digital rays. 
Polydaetyly and syndaetyly are usually hereditary, but ean also be 
induced by teratogens. 

Clubfoot, or talipes 53 (TAL-ih-peez), is a eongenital deformity 
in which the feet are adducted and plantar flexed (defined in 
ehapter 9), with the soles turned medially (fig. 8.18b). This is a 
relatively eommon birth defeet, present in about 1 out of 1,000 live 
births, but the cause remains obscure. It is sometimes hereditary, 
and some think it may also result from malposition of the fetus in 
the uterus, but the latter hypothesis remains unproven. Children 
with talipes eannot support their weight on their feet and tend to 
walk on their ankles. In some eases, talipes requires that the foot 
be manipulated and set in a new east every week beginning in the 
neonatal nursery and lasting 4 to 6 months. Some eases require 
surgery at 6 to 9 months to release tight ligaments and tendons and 
realign the foot. 


Figure 8.17 Embryonie Limb Rotation. In the seventh week of 
development, the forelimbs and hindlimbs of the embryo rotate about 

90° in opposite direetions. This explains why the largest digits (digit I) 
are on opposite sides of the hand and foot, and why the elbow and 
knee flex in opposite direetions. 


49 o = without; melio = limb 
50 mero = part; melio = limb 
51 po/y = many; doetyl = finger 
52 syn = together; doetyl = finger 
53 fo//' = heel; pes = foot 
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(a) Polydaetyly 



(b) Talipes (eliibfoot) 


Figure 8.18 Congenital Deformities of the Hands and Feet. 


The most eommon noneongenital disorders of the appendicu- 
lar skeleton are osteoporosis, fractures, disloeations, and arthritis. 
Even though these disorders ean affeet the axial skeleton as well, 
they are more eommon and more often disabling in the appen- 
dicular skeleton. The general elassifieation of bone fractures is 
discussed in ehapter 6, and some fractures speeifie to the appen- 
dicular skeleton are discussed in Deeper Insights 8.1 and 8.2 of 
this ehapter. Arthritis, disloeation, and other joint disorders are 
deseribed in ehapter 9. Table 8.2 deseribes some other disorders of 
the appendicular skeleton. 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

14. Deseribe the progression from a limb bud to a hand vvith 

fully formed and separated fingers. 

15. Name some appendicular bones that do not ossify until a 

person is at least a fevv years old. 

16. Distinguish betvveen amelia and meromelia, and betvveen 

polydaetyly and syndaetyly. 


TABLE 8.2 


Disorders of the Appendicular Skeleton 


Avulsion 


Calcaneal (heel) 
spurs 


Colles 54 fracture 


Epiphyseal fracture 


Pes planus 


55 


Pott 56 fracture 


A fracture in vvhieh a body part, such as a finger, is eompletely torn from the body, as in many aeeidents vvith farm 
and faetory maehinery. The term ean also refer to nonosseous structures such as the avulsion of an ear. 

Abnormal outgrowths of the calcaneus. Often results from high-impaet exercise such as aerobies and mnning, espeeially 
if done vvith inappropriate footvvear. Stress on the plantar aponeurosis (a eonneetive tissue sheet in the sole of the foot) 
stimulates exostosis, or grovvth of a bony spur, and ean cause severe foot pain. 

Pathologieal fracture at the distal end ofthe radius and ulna, often occurring vvhen stress is plaeed on the vvrist 
(as in pushing oneself up from an armehair) and the bones have been vveakened by osteoporosis. 

Separation of the epiphysis from the diaphysis of a long bone. Common in ehildren and adoleseents because of 
their cartilaginous epiphyseal plates. May present a threat to normal eompletion of bone grovvth. 

“Flat feet” or “fallen arehes” (absenee of visible arehes) in adoleseents and adults. Caused by stretehing of 
plantar ligaments due to prolonged standing or excess vveight. 


Fracture of the distal end of the tibia, fibula, or both; a sports injury eommon in football, soeeer, and snovv skiing. 


Disorders Deseribed Elsevvhere 


Fracture of the elaviele 185 


Fracture of the femur 196 


54 Abraham Colles (1773-1843), Irish surgeon 

55 pes = foot; p!onus = flat 

56 Sir Pereivall Pott (1713-88), British surgeon 


Jim Stevenson/SPL/Seienee Source 
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Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

8.1 The Peetoral Girdle and Upper Limb 
(p. 185) 

1. The function of the peetoral girdle; the 
bones that eompose it; and all points at 
which these bones articulate with eaeh 
other, with the upper limb, and with the 
axial skeleton 

2. The anatomieal features of the elaviele and 
scapula 

3. The four segments (regions) of the upper 
limb 

4. The names and loeations of all 30 bones of 
the upper limb, and all points at which they 
articulate with eaeh other 

5. The anatomieal features of the humerus, 
radius, ulna, earpal bones (espeeially the 
hamate), metaearpal bones, and phalanges 

6. How the upper limb is anatomieally adapted 
to the bipedalism of humans 

8.2 The Pelvie Girdle and Lower Limb 
(p. 190) 

1. The distinetion between the pelvie girdle 
and pelvis 


2. The function of the pelvie girdle; the bones 
that eompose it; and all points at which 
these bones articulate with eaeh other, with 
the lower limb, and with the axial skeleton 

3. The anatomieal features of the hip bone, 
and the names and boundaries of the three 
ehildhood bones from which it arises 

4. The meaning of greater pelvis, lesser pel- 
vis, pelvie brim, pelvie inlet, and pelvie 
outlet, and the relationship of these struc- 
tures to pregnaney and ehildbirth 

5. How the pelvie girdle and gluteal muscles 
are anatomieally adapted to the bipedalism 
of humans 

6. Differenees between the male and female 
pelvie girdles 

7. The four segments (regions) of the lower 
limb 

8. The names and loeations of all 30 bones of 
the lower limb, and all points at which they 
articulate with eaeh other 

9. The anatomieal features of the femur, 
patella, tibia, fibula, talus, calcaneus, 
navicular, cuboid, cuneiforms, metatarsals, 
and phalanges 

10. The names and landmarks of the three foot 
arehes 


11. How the lower limb is adapted to the 
bipedalism of humans, including the angle 
of the femurs, loeking of the knees, the 
great toe, and the foot arehes 

8.3 Developmental and Clinical 
Perspeetives (p. 200) 

1. What portions of the appendicular skeleton 
are formed by intramembranous and endo- 
ehondral ossifieation 

2. Development of the limb buds and the 
manner in which they differentiate into the 
limbs, espeeially the proeesses of hand and 
foot development 

3. The developmental proeesses that result 
in opposite direetions of knee and elbow 
flexion and opposite orientations of the 
pollex and hallux 

4. Developmental abnormalities of the 
appendicular skeleton including amelia, 
meromelia, polydaetyly, syndaetyly, and 
talipes 

5. The most eommon noneongenital disor- 
ders of the appendicular skeleton 


Testing Your Reeall 


1. The hip bone is attaehed to the axial skel- 
eton through its 

a. auricular surface. 

b. articular eartilage. 
e. pubic symphysis. 

d. eonoid tubercle. 

e. eoronoid proeess. 

2. Which of these bones supports the most 
body weight? 

a. ilium 

b. pubis 
e. femur 

d. tibia 

e. talus 

3. Which of these structures ean be most eas- 
ily palpated on a living person? 

a. the deltoid tuberosity 

b. the greater seiatie noteh 
e. the medial malleolus 

d. the eoraeoid proeess of the scapula 

e. the glenoid eavity 


4. Compared to the male pelvis, the pelvis of 
a female 

a. has a less movable coccyx. 

b. has a rounder pelvie inlet. 

e. is narrower between the iliae erests. 

d. has a narrower pubic areh. 

e. has a narrower saemrn. 

5. The lateral and medial malleoli are most 
similar to 

a. the radial and ulnar styloid proeesses. 

b. the humeral capitulum and troehlea. 
e. the aeromion and eoraeoid proeess. 

d. the base and head of a metaearpal bone. 

e. the anterior and posterior superior 
iliae spines. 

6. When you rest your hands on your hips, 
you are resting them on 

a. the pelvie inlet. 

b. the pelvie outlet. 
e. the pelvie brim. 

d. the iliae erests. 

e. the auricular surfaces. 


7. The dise-shaped head of the radius articu- 

lates with the_of the humerus. 

a. radial tuberosity 

b. troehlea 
e. capitulum 

d. oleeranon proeess 

e. glenoid eavity 

8. All of the following are earpal bones 

except the_, which is a tarsal bone. 

a. trapezium d. triquetrum 

b. cuboid e. pisiform 

e. trapezoid 

9. The bone that supports your body weight 
when you are sitting down is 

a. the acetabulum. d. the coccyx. 

b. the pubis. e. the ischium. 

e. the ilium. 

10. Which of these is the bone of the heel? 

a. cuboid d. troehlear 

b. calcaneus e. talus 

e. navicular 
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11. The Latin anatomieal name for the thumb 

is_, and the name for the great toe 

is_. 

12. The aeromion and eoraeoid proeess are 
parts of what bone? 

13. How many phalanges, total, does the 
human body have? 

14. The bony prominenees on eaeh side of 
your elbow are the lateral and medial 

of the humerus. 


15. One of the wrist bones, the_, is ehar- 

aeterized by a prominent hook. 

16. The fibroeartilage pad that holds the pel- 

vie girdle together anteriorly is ealled 
the_. 

17. The leg proper, between the knee and 

ankle, is ealled the_region. 

18. The_proeesses of the radius and ulna 

form bony protuberances on eaeh side of 
the wrist. 


19. Two massive protuberances unique to the 

proximal end of the femur are the greater 
and lesser_. 

20. The_areh of the foot extends from 

the heel to the great toe. 

Answers in appendix A 


Biiilding Your Medieal Vocabulary 


State a medieal meaning for eaeh ofthe 3. -iele 

following word elements, and give a term in 4. supra- 

which it is used. 5. earpo- 

6. eapit- 

1. peet- 7. -ulum 

2. aero- 8. meta- 


9. auro- 
10. tarso- 


Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. There are more earpal bones than tarsal 
bones. 

2. The hands have more phalanges than the feet. 

3. The upper limb is attaehed to the axial 
skeleton at only one point, the aeromioela- 
vicular joint. 

4. On a living person, it would be possible 
to palpate the muscles in the infraspinous 
fossa but not those of the subscapular fossa. 


5. In striet anatomieal terminology, the words 
arm and leg both refer to regions with only 
one bone. 

6. If you rest your ehin on your hands with 
your elbows on a table, the oleeranon of 
the ulna rests on the table. 

7. The most frequently broken bone in 
humans is the humerus. 

8. The proximal end of the radius articulates 
with both the humerus and ulna. 


9. The pisiform bone and patella are both 
sesamoid bones. 

10. The pelvie outlet is the opening in the floor 
of the greater pelvis leading into the lesser 
pelvis. 


Answers in appendix A 


Testing Your Comprehension 


1. In adoleseents, trauma sometimes sepa- 
rates the head of the femur from the neek. 
Why do you think this is more eommon in 
adoleseents than in adults? 

2. By palpating the hind leg of a eat or dog or 
examining a laboratory skeleton, you ean 
see that eats and dogs stand on the heads of 
their metatarsal bones; the calcaneus does 
not touch the ground. How is this similar 
to the stanee of a woman wearing high- 
heeled shoes? How is it different? 

3. A deer hunter diseovers a human skeleton 
in the woods and notifies authorities. A 
news report on the finding deseribes it as 
the body of an unidentified male between 


17 and 20 years of age. What skeletal 
features would have been most useful for 
determining the sex and approximate age 
of the individual? 

4. A surgeon has removed 8 em of Joan’s 
radius because of osteosareoma, a bone 
eaneer, and replaeed it with a graft taken 
from one of the bones of Joan’s lower limb. 
What bone do you think would most likely 
be used as the source of the graft? Explain 
your answer. 

5. Andy, a 55-year-old, 75 kg (165-pound) 
roofer, is shingling the steeply pitehed 
roof of a new house when he loses his 
footing and slides down the roof and over 


the edge, feet first. He braees himself for 
the fall, and when he hits the ground, he 
eries out and doubles up in excruciating 
pain. Emergeney medieal teehnieians 
ealled to the seene tell him he has broken 
his hips. Deseribe, more speeifieally, 
where his fractures most likely occurred. 
On the way to the hospital, Andy says, 
“You know it’s funny, when I was a kid, 

I used to jump off roofs that high, and I 
never got hurt.” Why do you think Andy 
was more at risk of a fracture as an adult 
than he was as a boy? 
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J oints, or articulations, link the bones of the skeletal system 
into a functional whole—a system that supports the body, 
permits effeetive movement, and proteets the softer organs. 
Joints such as the shoulder, elbow, and knee are remarkable 
speeimens of biologieal design—self-lubricating, almost frietion- 
less, and able to bear heavy loads and withstand eompression 
while executing smooth and preeise movements. Yet, it is equally 
important that other joints be less movable or even immobile. 
Such joints are better able to support the body and proteet 
delieate organs. The vertebral column, for example, is only 
moderately mobile, for it must allow for flexibility of the torso 
and yet proteet the delieate spinal eord and support much of the 
body’s weight. Bones of the cranium must proteet the brain and 
sense organs, but need not allow for movement (except during 
birth); thus, they are loeked together by immobile joints, the 
sutures studied in ehapter 7. 

In everyday life, we take the greatest notiee of the most freely 
movable joints of the limbs, and it is here that people feel most 
severely eompromised by disabling diseases such as arthritis. 
Much of the work of physieal therapists focuses on limb mobility. 
In this ehapter, we will survey all types of joints, from the utterly 
immobile to the most mobile, but with an emphasis on the latter. 
This survey of joint anatomy and movements will provide a 
foundation for the study of muscle aetions in ehapters 11 and 12. 



Joints and Their 
eiassifieation 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. explain what joints are, how they are named, and 
what functions they serve; 

b. name and deseribe the four major elasses of joints; 
e. name some joints that beeome solidly fused by bone 

as they age; 

d. deseribe the three types of fibrous joints and give an 
example of eaeh; 

e. distinguish between the three types of sutures; and 

f. deseribe the two types of cartilaginous joints and give 
an example of eaeh. 


Any point where two bones meet is ealled a joint (articulation), 
whether or not the bones are movable at that interfaee. The seienee 
of joint structure, function, and dysfunction is ealled arthrology . 1 
The study of musculoskeletal movement is kinesiology (kih-NEE- 
see-OL-oh-jee). This is a braneh of biomeehanies, which deals with 
a broad variety of movements and meehanieal proeesses in the body, 
including the physies of blood circulation, respiration, and hearing. 


The name of a joint is typieally derived from the names of the 
bones involved. For example, the atlanto-oeeipital joint is where 
the atlas meets the oeeipital eondyles, the glenohumeral joint is 
where the glenoid eavity of the scapula meets the humerus, and the 
radioulnar joint is where the radius meets the ulna. 

Joints ean be elassified aeeording to the manner in which the 
adjaeent bones are bound to eaeh other, with eorresponding differ- 
enees in how freely the bones ean move. Authorities differ in their 
elassifieation sehemes, but one eommon view plaees the joints in 
four major eategories: bony, fibrons, cartilaginous, and synovial 
joints. This seetion will deseribe the first three of these and the 
subclasses of eaeh. The remainder of the ehapter will then be eon- 
eerned primarily with synovial joints. 


Bony Joints 

A bony joint, or synostosis 3 (SIN-oss-TOE-sis), is an immobile 
joint formed when the gap between two bones ossifies and they 
beeome, in effeet, a single bone. Bony joints ean form by ossifi- 
eation of either fibrous or cartilaginous joints. An infant is born 
with right and left frontal and mandibular bones, for example, but 
these soon fuse seamlessly to form single bones. In old age, some 
eranial sutures beeome obliterated by ossifieation, and the adja- 
eent eranial bones, such as the parietal bones, fuse. The epiphyses 
and diaphyses of the long bones are joined by cartilaginous joints 
in ehildhood and adoleseenee, and these beeome synostoses in 
early adulthood. The attaehment of the first rib to the sternum also 
beeomes a synostosis with age. 


Fibrous Joints 

A fibrous joint is also ealled a synarthrosis 4 (SIN-ar-THRO-sis) 
or synarthrodial joint. It is a point at which adjaeent bones are 
bound by eollagen fibers that emerge from the matrix of one 
bone, eross the spaee between them, and penetrate into the matrix 
of the other (fig. 9.1). There are three kinds of fibrous joints: 
sutures, gomphoses, and syndesmoses. In sutures and gomphoses, 
the fibers are very short and allow for little or no movement. 
In syndesmoses, the fibers are longer and the attaehed bones are 
more movable. 


Sutures 

Sutures are immobile or only slightly mobile fibrous joints that 
elosely bind the bones of the skull to eaeh other; they occur 
nowhere else. In ehapter 7, we did not take much notiee of the 
differenees between one suture and another, but some differenees 
might have caught your attention as you studied the diagrams in 
that ehapter or examined laboratory speeimens. Sutures ean be 
elassified as serrate, lap, and plane sutures. Readers with some 
knowledge of woodworking may reeognize that the structures and 
functional properties of these sutures have something in eommon 
with basie types of earpentry joints (fig. 9.2). 


drthro = joint; logy = study of 
2 kinesio = movement; logy = study of 


3 syn = together; ost = bone; os/'s = eondition 

4 syn = together; orthr = joined; os/'s = eondition 






Fibrous eonneetive tissue 


Figure 9.1 Fibrous Joints. (a) A 

suture between the parietal bones 
(b) A gomphosis between a tooth 
and the jaw. (e) A syndesmosis 
between the tibia and fibula. 

Which ofthese is not o joint 
betvveen two bones? Why? 



(a) Suture 




(e) Syndesmosis 


(b) Gomphosis 


Figure 9.2 Sutures. Serrate 

lap, and plane sutures 
eompared to some eommon 
wood joints. 





Serrate suture 


Lap suture 



Plane suture 


Bone 





Dovetail joint 


Miter joint 


Butt joint 
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A serrate suture is one in which the adjoining bones firmly 
interloek by their serrated margins, like pieees of a jigsaw puz- 
zle. It is analogous to a dovetail wood joint. On the surface, it 
appears as a wavy line between the two bones, as we see in the 
eoronal, sagittal, and lambdoid sutures that border the parietal 
bones. 

A lap (squamous) suture is one in which the adjaeent bones 
have overlapping beveled edges, like a miter joint in earpen- 
try. An example is the squamous suture that eneireles most of 
the temporal bone. Its beveled edge ean be seen in figure 7.10b 
(p. 161). On the surface, a lap suture appears as a relatively 
smooth (nonserrated) line. 

A plane (butt) suture is one in which the adjaeent bones 
have straight nonoverlapping edges. The two bones merely bor- 
der eaeh other, like two boards glued together in a butt joint. An 
example is seen in the intermaxillary suture in the roof of the 
mouth. 

Gomphoses 

Even though the teeth are not bones, the attaehment of a tooth to 
its soeket is elassified as a gomphosis (gom-FOE-sis). The term 
refers to its similarity to a nail hammered into wood. * 1 2 3 4 5 The tooth 
is held firmly in plaee by a fibrous periodontal ligament, which 
eonsists of eollagen fibers that extend from the bone matrix of the 
jaw into the dental tissue (fig. 9.1b). The ligament allows the tooth 
to move or give a little under the stress of chewing. Along with 
assoeiated nerve endings, this slight tooth movement enables us to 
sense how hard we are biting and to sense a partiele of food stuck 
between the teeth. 


Syndesmoses 

A syndesmosis 6 (SIN-dez-MO-sis) is a fibrous joint at which 
two bones are bound by relatively long collagenous fibers. The 
separation between the bones and length of the fibers gives these 
joints more mobility than a suture or gomphosis. An espeeially 
movable syndesmosis exists between the shafts of the radius and 
ulna, which are joined by a broad fibrous interosseons membrane. 
This syndesmosis permits such movements as pronation and supi- 
nation of the forearm. A less mobile syndesmosis is the one that 
binds the distal ends of the tibia and fibula together, side by side 
(fig. 9.1c). 


Cartilaginous Joints 

A cartilaginous joint is also ealled an amphiarthrosis (AM- 
fee-ar-THRO-sis) or amphiarthrodial joint. In these joints, two 
bones are linked by eartilage (fig. 9.3). The two types of eartilagi- 
nous joints are synehondroses and symphyses. 


Synehondroses 

A synehondrosis 8 (SIN-eon-DRO-sis) is a joint in which the 
bones are bound by hyaline eartilage. An example is the temporary 
joint between the epiphysis and diaphysis of a long bone in a ehild, 
formed by the eartilage of the epiphyseal plate. Another is the 
attaehment of the first rib to the sternum by a hyaline eostal 
eartilage (fig. 9.3a). (The other eostal eartilages are joined to the 
sternum by synovial joints.) 

Symphyses 

In a symphysis 9 (SIM-fih-sis), two bones are joined by fibro- 
eartilage (fig. 9.3b, e). One example is the pubic symphysis, in 
which the right and left pubic bones are joined by the eartilagi- 
nous interpubic dise. Another is the joint between the bodies of 
two vertebrae, united by an intervertebral dise. The surface of 
eaeh vertebral body is eovered with hyaline eartilage. Between 
the vertebrae, this eartilage beeomes infiltrated with eollagen 
bundles to form fibroeartilage. Eaeh intervertebral dise per- 
mits only slight movement between adjaeent vertebrae, but the 
eolleetive effeet of all 23 dises gives the spine eonsiderable 
flexibility. 


Apply What You Know 

The intervertebral joints are symphyses only in the eervieal 
through the lumbar region. How would you elassify the 
intervertebral joints of the saemrn and coccyx in a middle-aged 
adult? 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. What is the differenee between arthrology and kinesiology? 

2. Explain the distinetion between a synostosis, amphiarthro- 
sis, and synarthrosis. 

3. Give some examples of joints that beeome synostoses 
with age. 

4. Define suture, gomphosis, and syndesmosis, and explain 
what these three joints have in eommon. 

5. Name the three types of sutures and deseribe how they 
differ. 

6. Name two synehondroses and two symphyses. 


5 gomph = nail, bolt; os/'s = eondition 

6 syn = together; desm = band; os/s = eondition 

7 amphi = on all sides; arthr = joined; os/'s = eondition 


8 syn = together; ehondr = eartilage; os/'s = eondition 
9 sym = together; physis = grovvth 
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Clavicle 


Rib 

Costal 
eartilage 



Intervertebral 
dise (fibroeartilage) 


Body of vertebra 


Figure 9.3 Cartilaginous Joints. 

(a) A synehondrosis, represented by 
the eostal eartilage joining rib 1 to the 
sternum. (b) The pubic symphysis. 

(e) Intervertebral dises, which join 
adjaeent vertebrae to eaeh other by 
symphyses. 

Whot is the differenee betvveen the 
pubic symphysis ond the interpubic dise? 


Interpubic dise 
(fibroeartilage) 


(b) 


Piibie symphysis 



Synovial Joints 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the anatomy of a synovial joint and its 
assoeiated structures; 

b. deseribe the six types of synovial joints; 

e. list and demonstrate the types of movements that 
occur at diarthroses; and 

d. discuss the faetors that affeet the range of motion of 
a joint. 


The most familiar type of joint is the synovial (sih-NO-vee-ul) 
joint, also ealled a diarthrosis 10 (DY-ar-THRO-sis) or diarthrodial 
joint. Ask most people to point out any joint in the body, and they 
are likely to point to a synovial joint such as the elbow, knee, or 
knuckles. Many synovial joints, like these examples, are freely 
movable. Others, such as the joints between the wrist and ankle 
bones and between the articular proeesses of the vertebrae, have 
more limited mobility. Synovial joints are the most structurally 
complex type of joint and are the most likely to develop uncom- 
fortable and erippling dysfunctions. 


10 c//'o = separate, apart; arthr = jointed; os/'s = eondition 
































210 


part t wo Support and Movement 


General Anatomy 

In synovial joints, the faeing surfaces of the two bones are eovered 
with articular eartilage, a layer of hyaline eartilage usually about 
2 or 3 mm thiek. These surfaces are separated by a narrow spaee, 
the joint (articular) eavity, eontaining a slippery lubricant ealled 
synovial fluid (fig. 9.4). This fluid, for which the joint is named, is 
rieh in albumin and hyaluronic aeid, which give it a viscous, slippery 
texture similar to raw eggwhite. n It nourishes the articular earti- 
lages, removes their wastes, and makes movements at synovial joints 
almost frietion-free. A eonneetive tissue joint (articular) capsule 
eneloses the eavity and retains the fluid. It has an outer fibrous 
capsule continuous with the periosteum of the adjoining bones, 
and an inner, cellular synovial membrane. The synovial membrane 
eonsists mainly of fibroblast-like eells that seerete the fluid, and is 
populated by maerophages that remove debris from the joint eavity. 

In a few synovial joints, fibroeartilage grows inward from the 
joint capsule and forms a pad between the articulating bones. In the 
jaw and distal radioulnar joints, and at both ends of the elaviele (ster- 
noclavicular and acromioclavicular joints), the pad erosses the entire 
joint capsule and is ealled an articular dise (see fig. 9.18c). In the 
knee, two eartilages extend inward from the left and right but do not 
entirely eross the joint (see fig. 9.23d). Eaeh is ealled a meniscus 12 
because of its ereseent shape. These eartilages absorb shoek and 


n ovi = egg 

}2 men = moon, ereseent; iscus = little 


pressure, guide the bones aeross eaeh other, improve the fit between 
the bones, and stabilize the joint, reducing the ehanee of disloeation. 

Aeeessory structures assoeiated with a synovial joint include 
tendons, ligaments, and bursae. A tendon is a strip or sheet of tough 
collagenous eonneetive tissue that attaehes a muscle to a bone. 
Tendons are often the most important structures in stabilizing a 
joint. A ligament is a similar tissue that attaehes one bone to another. 
Several ligaments are named and illustrated in our later discussion of 
individual joints, and tendons are more fully eonsidered in ehapters 
10 through 12 along with the gross anatomy of muscles. 

A bursa 13 is a fibrous sae filled with synovial fluid, loeated 
between adjaeent muscles, between bone and skin, or where a tendon 
passes over a bone (see fig. 9.19). Bursae cushion muscles, help 
tendons slide more easily over the joints, and sometimes enhanee the 
meehanieal effeet of a muscle by modifying the direetion in which 
its tendon pulls. Bursae ealled tendon sheaths are elongated eyl- 
inders wrapped around a tendon. These are espeeially numerous in 
the hand and foot (fig. 9.5), and allow easier longitudinal movement 
of a tendon as forearm muscles pull on bones of the hand. Bursitis 
is inflammation of a bursa, usually due to overexertion of a joint. 
Tendinitis is a form of bursitis in which a tendon sheath is inflamed. 

eiasses of Synovial Joints 

There are six fundamental elasses of synovial joints, distinguished 
by patterns of motion determined by the shapes of the articular 
surfaces of the bones (table 9.1). We will examine them here in 
deseending order of mobility, from multiaxial to monaxial joints. 



Proximal 

phalanx 


Ligament 

Articular 

eartilages 


Fibrous 

capsule 

Synovial 

membrane 


Periosteum 


Joint 

capsule 


Bone 
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Figure 9.4 Structure of a Simple Synovial Joint. Most synovial 
joints are more complex than the interphalangeal joint shown here. 
• Why is o meniscus unnecessory in on interpholongeol joint? 
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Exercise and Articular Cartilage 

When synovial fluid is warmed by exercise, it beeomes thinner 
(less viscous) and more easily absorbed by the articular eartilage. 
The eartilage then swells and provides a more effeetive cushion 
against eompression. For this reason, a warm-up period before 
vigorous exercise helps proteet the articular eartilage from undue 
wear and tear. 

Because eartilage is nonvascular, its repetitive eompression 
during exercise is important to its nutrition and waste removal. 
Eaeh time a eartilage is eompressed, fluid and metabolie wastes 
are squeezed out of it. When weight is taken off the joint, the 
eartilage absorbs synovial fluid like a sponge, and the fluid ear- 
ries oxygen and nutrients to the ehondroeytes. Laek of exercise 
causes the articular eartilages to deteriorate more rapidly from 
laek of nutrition, oxygenation, and waste removal. 

Weight-bearing exercise builds bone mass and strengthens 
the muscles that stabilize many of the joints, thus reducing the 
risk of joint disloeations. Excessive joint stress, however, ean 
hasten the progression of osteoarthritis (p. 230) by damaging 
the articular eartilage. Swimming is a good way of exercising the 
joints with minimal damage. 

















Tendon of flexor earpi radialis 
Tendon of flexor pollieis longus 
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Figure 9.E Tendon Sheaths and Other Bursae in the Hand and Wrist 


TABLE 9.1 


Anatomieal dassifieation of the Joints 


Joint 


Characteristics and Examples 


Bony joint (synostosis) Former fibrous or cartilaginous joint in vvhieh adjaeent bones have beeome fused by ossifìeation. Examples: median line of 

frontal bone; fusion of epiphysis and diaphysis of an adult long bone; and fusion of ilium, ischium, and pubis to form hip bone 

Fibrous joint Adjaeent bones bound by eollagen fibers extending from the matrix of one into the matrix of the other 

(synarthrosis) 


Suture (figs. 9.1a and 9.2) Immobile fibrous joint betvveen eranial or faeial bones 


Serrate suture 
Lap suture 


Plane suture 
Gomphosis (fig. 9.1 b) 


Bones joined by a vvavy line formed by interloeking teeth along the margins. Examples: eoronal, sagittal, and lambdoid sutures 

Bones beveled to overlap eaeh other; superficial appearanee is a smooth line. Example: squamous suture around 
temporal bone 

Bones butted against eaeh other without overlapping or interloeking. Example: palatine suture 
Insertion of a tooth into a soeket, held in plaee by eollagen fibers of periodontal ligament 


Syndesmosis (fig. 9.1c) Slightly movable joint held together by ligaments or interosseous membranes. Example: tibiofìbular joint 


Cartilaginous joint 
(amphiarthrosis) 


Adjaeent bones bound by eartilage 


Synehondrosis (fìg. 9.3a) Bones held together by hyaline eartilage. Examples: articulation of rib 1 with sternum, and epiphyseal plate uniting 

the epiphysis and diaphysis of a long bone of a ehild 

Symphysis (fig. 9.3b, e) Slightly movable joint held together by fibroeartilage. Examples: intervertebral dises and pubic symphysis 
Synovialjoint (diarthrosis) Adjaeent bones eovered with hyaline articular eartilage, separated by lubricating synovial fluid and enelosed in a 


(figs. 9.4 and 9.6) 

Ball-and-soeket joint 


fibrous joint capsule 

Multiaxial diarthrosis in which a smooth hemispherieal head of one bone fits into a cuplike depression of another. 
Examples: shoulder and hip joints 


Saddle joint 


Condylar (ellipsoid) joint Biaxial diarthrosis in which an oval convex surface of one bone articulates with an elliptieal depression of another. 

Examples: radioearpal and metaearpophalangeal joints 

Joint in which eaeh bone surface is saddle-shaped (eoneave on one axis and convex on the perpendicular axis). 
Examples: trapeziometaearpal and sternoclavicular joints 

Usually a biaxial diarthrosis with slightly eoneave or convex bone surfaces that slide aeross eaeh other. Examples: 
interearpal and intertarsal joints; joints between the articular proeesses of the vertebrae 

Monaxial diarthrosis, able to flex and extend in only one plane. Examples: elbow, knee, and interphalangeal joints 


Plane (gliding) joint 


Hinge joint 
Pivot joint 


Joint in which a projeetion of one bone fits into a ringlike ligament of another, allowing one bone to rotate on its 
longitudinal axis. Examples: atlantoaxial joint and proximal radioulnar joint 
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A multiaxial joint is one that ean move in any of the three 
fundamental mutually perpendicular planes (x, y, and z)\ a biaxial 
joint is able to move in only two planes; and a monaxial joint 
moves in only one plane. Ball-and-soeket joints are the only multi- 
axial type; eondylar, saddle, and plane joints are biaxial; and hinge 
and pivot joints are monaxial. As we see in figure 9.6, all six types 
of synovial joints have representatives in the upper limb. 

1. Ball-and-soeket joints. These are the shoulder and hip joints. 
In both eases, one bone (the humerus or femur) has a smooth 
hemispherieal head that fits into a cuplike soeket on the other 
(the glenoid eavity of the scapula or the acetabulum of the 
hip bone). 


2. Condylar (ellipsoid) joints. These joints exhibit an oval 
convex surface on one bone that fits into a eomplementary 
depression on the other. The radioearpal joint of the wrist and 
metaearpophalangeal (MET-uh-CAR-po-fah-LAN-jee-ul) 
joints at the bases of the fingers are examples. To demonstrate 
their biaxial motion, hold your hand with the palm faeing 
you. Make a fist, and these joints flex in the sagittal plane. 

Fan your fingers apart, and they move in the frontal plane. 

3. Saddle joints. Here, both bones have a saddle-shaped 
surface—eoneave in one direetion (like the front to rear 
curvature of a horse’s saddle) and convex in the other (like 
the left to right curvature of a saddle). The elearest example 


Figiire 9.6 The Six Types of Synovial Joints. All six have 
representatives in the forelimb. Meehanieal models show the 
types of motion possible at eaeh joint. 
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of this is the trapeziometaearpal joint between the trapezium 
of the wrist and metaearpal I at the base of the thumb. Saddle 
joints are also biaxial. The thumb, for example, moves in 
a frontal plane when you spread the fingers apart, and in a 
sagittal plane when you move it as if to grasp a tool such as 
a hammer. This range of motion gives us and other primates 
that anatomieal hallmark, the opposable thumb. Another 
saddle joint is the sternoclavicular joint, where the elaviele 
articulates with the sternum. The elaviele moves vertieally 
in the frontal plane at this joint when you lift a suitcase, and 
moves horizontally in the transverse plane when you reaeh 
forward to push open a door. 

4. Plane (gliding) joints. Here the bone surfaces are flat or 
only slightly eoneave and convex. The adjaeent bones slide 
over eaeh other and have relatively limited movement. Plane 
joints are found between the earpal bones of the wrist, the 
tarsal bones of the ankle, and the articular proeesses of the 
vertebrae. Their movements, although slight, are complex. 
They are usually biaxial. For example, when the head is tilted 
forward and baek, the articular faeets of the vertebrae slide 
anteriorly and posteriorly; when the head is tilted from side to 
side, the faeets slide laterally. Although any one joint moves 
only slightly, the eombined aetion of the many joints in the 
wrist, ankle, and vertebral column allows for a signifieant 
amount of overall movement. 

5. Hinge joints. These are essentially monaxial joints, moving 
freely in one plane with very little movement in any other, 
like a door hinge. Examples occur at the elbow, knee, and 
interphalangeal (finger and toe) joints. In these eases, one 
bone has a convex (but not hemispherieal) surface, such as the 
troehlea of the humerus and the eondyles of the femur. This 
fits into a eoneave depression on the other bone, such as the 
troehlear noteh of the ulna and the eondyles of the tibia. 

6. Pivot joints. These are monaxial joints in which a bone spins 
on its longitudinal axis. There are two prineipal examples: 
the radioulnar joint at the elbow and the atlantoaxial joint 
between the first two vertebrae. At the atlantoaxial joint, the 
dens of the axis projeets into the vertebral foramen of the 
atlas and is held against its anterior areh by the transverse 
ligament (see fig. 7.24, p. 170). As the head rotates left 

and right, the skull and atlas pivot around the dens. At the 
radioulnar joint, the anular ligament of the ulna wraps around 
the neek of the radius. During pronation and supination of the 
forearm, the diselike radial head pivots like a wheel turning 
on its axle. The edge of the wheel spins against the radial 
noteh of the ulna like a ear tire spinning in snow. 

Some joints eannot be easily elassified into any one of these six 
eategories. The jaw joint, for example, has some aspeets of eon- 
dylar, hinge, and plane joints. It elearly has an elongated eondyle 
where it meets the temporal bone of the cranium, but it moves in a 
hingelike fashion when the mandible moves up and down in speak- 
ing, biting, and chewing; it glides slightly forward when the jaw 
juts (protraets) to take a bite; and it glides from side to side to grind 
food between the molars. The knee is a elassie hinge joint, but has 
an element of the pivot type; when we loek our knees to stand more 


effortlessly, the femur pivots slightly on the tibia. The humeroradial 
joint (between humerus and radius) aets as a hinge joint when the 
elbow flexes and a pivot joint when the forearm pronates. 

Movements of Synovial Joints 

Kinesiology, physieal therapy, and other medieal and seientifie 
fields have a speeifie vocabulary for the movements of synovial 
joints. The following terms form a basis for deseribing the nrnsele 
aetions in ehapters 11 and 12 and may also be indispensable to your 
advaneed coursework or intended eareer. This seetion introduces 
the terms for joint movements, many of which are presented in 
pairs or groups with opposite or eontrasting meanings. This see- 
tion relies on familiarity with the three eardinal anatomieal planes 
and the direetional terms in ehapter 1 (p. 12). All direetional terms 
used here refer to a person in standard anatomieal position. When 
one is in anatomieal position, eaeh joint is said to be in its zero 
position. Joint movements ean be deseribed as deviation from the 
zero position or returning to it. 

Flexion and Extension 

Flexion (fig. 9.7) is a movement that deereases a joint angle, usually 
in the sagittal plane. This is particularly eommon at hinge joints— 
for example, bending the elbow so that the arm and forearm go from 
a 180° angle to one of 90° or less. It occurs in other types of joints 
as well. If you hold out your hands with the palms up, flexion of the 
wrist tips your palms toward you. The meaning of flexion is perhaps 
least obvious in the ball-and-soeket joints of the shoulder and hip. At 
the shoulder, it means to raise your arm as if pointing at something 
direetly in front of you or to continue in that are and point toward 
the sky. At the hip, it means to raise the thigh, for example to plaee 
your foot on the next higher step when aseending a flight of stairs. 

Extension is a movement that straightens a joint and generally 
returns a body part to the zero position—for example, straighten- 
ing the elbow, wrist, or knee, or returning the arm or thigh baek to 
zero position. In stair elimbing, both the hip and knee extend when 
lifting the body to the next higher step. 

Extreme extension of a joint, beyond the zero position, is ealled 
hyperextension . 14 For example, if you hold your hand in front of 
you with the palm down, then raise the baek of your hand as if you 
were admiring a new ring, you hyperextend the wrist (see the hand 
in fig. 9.10a). Hyperextension of the upper or lower limb means to 
move the limb to a position behind the frontal plane of the tmnk, 
as in reaehing around with your arm to take your wallet out of 
your hip poeket. Eaeh backswing of the lower limb when you walk 
hyperextends the hip. 

Flexion and extension occur at nearly all diarthroses, but 
hyperextension is limited to only a few. At most diarthroses, liga- 
ments or bone structure prevents hyperextension. 


Apply What You Know 

Try hyperextending some of your synovial joints and list a few 
for which this is impossible. 


n hyper = excessive, beyond normal 










214 


part two Support and Movement 



(a) (b) 



(c) 


Figure 9.7 Flexion and Extension. (a) Flexion 

and extension of the elbow. (b) Flexion, extension, 
and hyperextension of the wrist. (c) Flexion and 
hyperextension of the shoulder. (d) Flexion and 
extension of the hip and knee. 





Abduction and Adduction 

Abduction 15 (ab-DUC-shun) (fig. 9.8a) is the movement of a body 
part in the frontal plane away from the midline of the body—for 
example, moving the feet apart to stand spread-legged, or raising 
an arm to one side of the body. Adduction 16 ( ig. 9.8b) is move- 
ment in the frontal plane baek toward the midline. Some joints ean 
be hyperadducted, as when you stand with your ankles erossed, 
eross your fingers, or hyperadduct the shoulder to stand with your 
elbows straight and your hands elasped below your waist. You 
hyperabduct the arm if you raise it high enough to eross slightly 
over the front or baek of your head. 


15 oò = avvay; duc = to lead or earry 
16 oc/ = tovvard; duc = to lead or earry 


Elevation and Depression 

Elevation ( ‘ig. 9.9a) is a movement that raises a body part verti- 
eally in the frontal plane. Depression (fig. 9.9b) lowers a body 
part in the same plane. For example, to lift a heavy suitcase from 
the floor, you elevate your scapula; in setting it down again, you 
depress the scapula. These are also important jaw movements in 
biting. 

Protraetion and Retraetion 

Protraetion 17 (fig. 9.10a) is the anterior movement of a body part 
in the transverse (horizontal) plane, and retraetion 18 (fig. 9.10b) 


v pro = forvvard; trae = to pull or dravv 
18 re = baek; trae = to pull or dravv 
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(a) Abdiietion (b) Adduction Figure 9.8 Abduction and Adduction. 





(a) Elevation 


(b) Depression 


Figure 9.9 Elevation and Depression. 



(a) Protraetion 


(b) Retraetion 


Figure 9.10 Protraetion and Retraetion. 
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Figure 9.11 Circumduction. 


is posterior movement. Your shoulder protraets, for example, when 
you reaeh in front of you to push a door open. It retraets when you 
return it to the resting (zero) position or pull the shoulders baek to 
stand at military attention. Such exercises as rowing a boat, beneh 
presses, and push-ups involve repeated protraetion and retraetion 
of the shoulders. 

Circumduction 

In circumduction 19 (fig. 9.11), one end of an appendage remains 
fairly stationary while the other end makes a circular motion. If an 
artist standing at an easel reaehes forward and draws 
a eirele on a eanvas, she circumducts the upper limb; 
the shoulder remains stationary while the hand moves 
in a eirele. A baseball player winding up for the 
piteh circumducts the upper limb in a more extreme 
“windmiH” fashion. One ean also circumduct an indi- 
vidual finger, the hand, the thigh, the foot, the trunk, 
and the head. 


Apply What You Know 

Choose any example of circumduction and explain 
why this motion is actually a sequence of flexion, 
abduction, extension, and adduction. 


Rotation 

In one sense, the term rotation applies to any bone 
turning around a fixed axis, as deseribed earlier. But in 
the terminology of speeifie joint movements, rotation 
(fig. 9.12) is a movement in which a bone spins on its 
longitudinal axis. For example, if you stand with bent 
elbow and move your forearm to plaee your palm 
against your abdomen, your humerus spins in a motion 
ealled medial (internal) rotation. If you make the 
opposite aetion, so the forearm points away from the 
trunk, your humerus undergoes lateral (external) 
rotation. A tennis player’s forehand and baekhand 
strokes entail vigorous rotation of the humerus. If you 


19 c/rcL//r? = around; duc = to lead or earry 


are standing and turn your right foot so your toes are pointing 
away from your left foot, and then turn it so your toes are point- 
ing toward your left foot, your femur undergoes lateral and medial 
rotation, respeetively. Other examples are given in the ensuing dis- 
cussions of forearm and head movements. 

Supination and Pronation 

Supination and pronation (fig. 9.13) are known primarily as 
forearm movements, but see also the later discussion of foot 
movements. Supination 20 (SOO-pih-NAY-shun) of the forearm 
is a movement that turns the palm to faee anteriorly or upward; 
in anatomieal position, the forearm is supinated and the radius is 
parallel to the ulna. Pronation 21 is the opposite movement, caus- 
ing the palm to faee posteriorly or downward and the radius to 
eross the ulna like an X. During these movements, the eoneave end 
of the dise-shaped head of the radius spins on the capitulum of the 
humerus, and the edge of the dise spins in the radial noteh of the 
ulna. The ulna remains relatively stationary. 

As an aid to remembering these terms, think of it this way: 
You are prone to stand in the most eomfortable position, which is 
with the forearm pronated. But if you were holding a cup of soup 
in your palm, you would need to supinate the forearm to keep from 
spilling it. 


20 supin = to lay baek 
21 pron = to bend forvvard 



(a) Medial (internal) rotation (b) Lateral (external) rotation 

Figure 9.12 Medial (Internal) and Lateral (External) Rotation. Shows rotation of 
both the humerus and the femur. 



© McGraw-Hill Education/Timothy L. Vacula, photographer 
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Radius 


Ulna 



(a) Supination 




Radius 

Ulna 




(b) Pronation 


Figure 9.13 Supination and Pronation. Note the way these 
forearm rotations affeet the relationship ofthe radius and ulna. Relative 
positions of rrmseles, nerves, and blood vessels are similarly affeeted. 


Chapter 12 deseribes the muscles that perform these aetions. 
Of these, the supinator is the most powerful. Supination is the type 
of movement you would usually make with your right hand to turn 
a doorknob clockwise or to drive a screw into a pieee of wood. The 


threads of screws and bolts are designed with the relative strength 
of the supinator in mind, so the greatest power ean be applied when 
driving them with a screwdriver in the right hand. 

We will now eonsider a few body regions that eombine the 
foregoing motions or have unique movements and terminology. 

Speeial Movements of the Head and Trunk 

Flexion of the spine produces forward-bending movements, as in 
tilting the head forward or bending at the waist in a toe-touching 
exercise (fig. 9.14a). Extension of the spine straightens the tmnk or 
neek, as in standing up or returning the head to a forward-looking 
zero position. Hyperextension is employed in looking toward the 
sky or bending over backward (fig. 9.14b). 

Lateral flexion is tilting the head or the tmnk to the right 
or left of the midline (fig. 9.14c). Twisting at the waist or turn- 
ing the head is ealled right rotation or left rotation when the 
ehest or the faee turns to the right or left of the forward-facing 
zero position (fig. 9.14d, e). Powerful right and left rotation at 
the waist is important in baseball pitehing, golf, discus throwing, 
and other sports. 

Speeial Movements of the Mandible 

Movements of the mandible are eoneerned espeeially with biting 
and chewing (fig. 9.15). Imagine taking a bite of raw earrot. Most 
people have some degree of overbite; at rest, the upper ineisors 
(front teeth) overhang the lower ones. For effeetive biting, however, 
the ehisel-like edges of the ineisors must meet. In preparation to 
bite, we therefore protraet the mandible to bring the lower ineisors 
forward. After the bite is taken, we retraet it. To actually take the 
bite, we must depress the mandible to open the mouth, then elevate 
it so the ineisors ean cut off the pieee of food. 

Next, to chew the food, we do not simply raise and lower 
the mandible as if hammering away at the food between the 
teeth; rather, we exercise a grinding aetion that shreds the food 
between the broad, bumpy surfaces of the premolars and molars. 
This entails a side-to-side movement of the mandible ealled 
lateral excursion (movement to the left or right of the zero 
position) and medial excursion (movement baek to the median, 
zero position). 

Speeial Movements of the Hand and Fingers 

The hand moves anteriorly and posteriorly by flexion and exten- 
sion of the wrist. It ean also move in the frontal plane. Radial 
flexion tilts the hand toward the thumb, and ulnar flexion 
tilts it toward the little finger (fig. 9.16a, b). We often use such 
motions when waving hello to someone with a side-to-side wave 
of the hand, or when washing windows, polishing furniture, or 
keyboarding. 

Movements of the fingers are more varied, espeeially those of 
the thumb (fig. 9.16c-e). Flexion of the fingers is curling them; 
extension is straightening them. Most people eannot hyperex- 
tend their fingers. Spreading the fingers apart is abduction, and 
bringing them together again so they touch along their surfaces is 
adduction. 

The thumb is different, however, because in embryonie 
development it rotates nearly 90° from the rest of the hand. 

















(a) Flexion 


(b) Hyperextension 




(c) Lateral flexion 



(d) Rotation 


Figure 9.14 Movements of the Head and Trunk. 

• In rototion ofthe heod (d), whot bone spins on its oxis? 



(e) Right rotation 






(a) Protraetion 


(b) Retraetion 



(e) Lateral excursion 


(d) Medial excursion 


Figure 9.15 Movements of the Mandible. 



(a) Radial flexion (b) lllnar flexion (e) Abduction of 

fingers 



(d) Palmar abduction (e) Opposition of thumb 
of thumb 

Figure 9.16 Movements of the Hand and Fingers. (a) Radial flexion 

of the wrist. (b) lllnar flexion of the wrist. (e) Abduction of the fingers. 
The thumb position in this figure is ealled rodiol obduction. Parts (a) and 
(b) show adduction of the fingers. (d) Palmar abduction of the thumb. 

(e) Opposition of the thumb (reposition is shown in parts [a] and [b]). 
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If you hold your hand in a eompletely relaxed position (but not 
resting on a table), you will probably see that the plane that 
eontains your thumb and index finger is about 90° to the plane 
that eontains the index through little fingers. Much of the termi- 
nology of thumb movement therefore differs from that of the 
other four fingers. Flexion of the thumb is bending the joints so 
the tip of the thumb is direeted toward the palm, and extension 
is straightening it. If you now plaee the palm of your hand on a 
tabletop with all five fingers parallel and touching, the thumb 
is extended. Keeping your hand there, if you move your thumb 
away from the index finger so they form a 90° angle (but both are 
on the plane of the table), the thumb movement is ealled radial 
abduction. Another movement, palmar abduction, moves the 
thumb away from the plane of the hand so it points anteriorly, 
as you would do if you were about to wrap your hand around a 
tool handle (fig. 9.16d). From either position—radial or palmar 
abduction —adduction of the thumb means to bring it baek to 
touch the base of the index finger. 

Two additional terms are unique to the thumb: Opposition 22 
means to move the thumb to approaeh or touch the tip of other 
fingers (fig. 9.16e). Reposition 23 is the return to zero position. 

Speeial Movements of the Foot 

A few additional movement terms are unique to the foot (fig. 9.17). 
Dorsiflexion (DOR-sih-FLEC-shun) is a movement in which the 
toes are elevated, as one might do in applying toenail polish. In 
eaeh step you take, the foot dorsiflexes as it eomes forward. This 
prevents you from seraping your toes on the ground and results 
in the eharaeteristie heel strike of human loeomotion when the 
foot touches down in front of you. Plantar flexion is movement 
of the foot so the toes point downward, as in pressing the gas 
pedal of a ear or standing on tiptoes. This motion also produces 
the toe-off in eaeh step you take, as the heel of the foot behind 
you lifts off the ground. Plantar flexion ean be a very power- 
ful motion, epitomized by high jumpers and the jump shots of 
basketball players. 


22 op = against; posit = to plaee 
23 re = baek; posit = to plaee 


Inversion 24 is a foot movement that tips the soles medially, 
somewhat faeing eaeh other, and eversion 25 is a movement that tips 
them laterally, away from eaeh other. These movements are eom- 
mon in fast sports such as tennis and football, and sometimes cause 
ankle sprains. These terms also refer to eongenital deformities of 
the feet, which are often eorreeted by orthopedie shoes or braees. 

Pronation and supination, while used mainly for forearm 
movements, also apply to the feet but refer here to a more complex 
eombination of movements. Pronation of the foot is a eombina- 
tion of dorsiflexion, eversion, and abduction—that is, the toes are 
elevated and turned away from the other foot and the sole is tilted 
away. Supination of the foot is a eombination of plantar flexion, 
inversion, and adduction—the toes are lowered and turned toward 
the other foot and the sole is tilted toward it. These may seem a 
little difficult to visualize and perform, but they are ordinary 
motions in walking, mnning, ballet, and erossing uneven surfaces 
such as stepping stones. 

You ean perhaps understand why these terms apply to the feet 
if you plaee the palms of your hands on a table and pretend they 
are your soles. Tilt your hands so the inner edge (thumb side) of 
eaeh is raised from the table. This is like raising the medial edge of 
your foot from the ground, and as you ean see, it involves a slight 
supination of your forearms. Resting your hands palms down on a 
table, your forearms are already pronated; but if you raise the outer 
edges of your hands (the little finger side), like pronating the feet, 
you will see that it involves a continuation of the pronation move- 
ment of the forearm. 

Range of Motion 

A joint’s range of motion (ROM) is the number of degrees 
through which one bone ean move relative to another at that 
joint. For example, the ankle has an ROM of about 74°, the first 
knuckle about 90°, and the knee about 130° to 140°. Range of 
motion obviously affeets a person’s functional independenee and 
quality of life. It is also an important eonsideration in training for 


24 in = invvard; version = turning 
25 e = outward; version = turning 



(a) Flexion of ankle 



(b) Inversion 





^ Q- 
ro eo 





(e) Eversion 


Figure 9.17 Movements of the Foot. 

• Identify some eommon oetivities in vvhieh inversion ond eversion ofthe foot 
would be importont. 
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athleties or danee, in elinieal diagnosis, and in monitoring the 
progress of rehabilitation. Several faetors affeet the ROM and 
stability of a joint: 

• Structure of the articular surfaces of the bones. In many 
eases, joint movement is limited by the shapes of the bone 
surfaces. For example, you eannot straighten your elbow 
beyond 180° or so because, as it straightens, the oleeranon of 
the ulna swings into the oleeranon fossa of the humerus and 
eannot move farther. 

• Strength and tautness of ligaments and joint capsules. 

Some bone surfaces impose little if any limitation on 
joint movement. The articulations of the phalanges are an 
example; as one ean see by examining a dry skeleton, an 
interphalangeal joint ean bend through a broad are. In the 
living body, however, these bones are joined by ligaments 
that limit their movement. As you flex one of your knuckles, 
ligaments on the anterior (palmar) side of the joint go slaek, 
but ligaments on the posterior (dorsal) side tighten and 
prevent the joint from flexing beyond 90° or so. The knee is 
another ease in point. In kieking a football, the knee rapidly 
extends to about 180°, but it ean go no farther. Its motion 
is limited in part by a emeiate ligament and other knee 
ligaments deseribed later. Gymnasts, daneers, and aerobats 
inerease the ROM of their synovial joints by gradually 
stretehing their ligaments during training. “Double-jointed” 
people have unusually large ROMs at some joints, not 
because the joint is actually double or fundamentally dif- 
ferent from normal in its anatomy, but because the ligaments 
are unusually long or slaek. 

• Aetion of the muscles and tendons. Extension of the knee 
is also limited by the hamstring muscles on the posterior 
side of the thigh. In many other joints, too, pairs of muscles 
oppose eaeh other and moderate the speed and range of joint 
motion. Even a resting muscle maintains a state of tension 
ealled muscle tone y which serves in many eases to stabilize a 
joint. One of the major faetors preventing disloeation of the 
shoulder joint, for example, is tension in the bieeps braehii 
muscle, whose tendons eross the joint, insert on the scapula, 
and hold the head of the humerus against the glenoid eavity. 
The nervous system continually monitors and adjusts joint 
angles and muscle tone to maintain joint stability and limit 
unwanted movements. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

7. What are the two eomponents of a joint capsule? What is 
the fiinetion of eaeh? 

8. Give at least one example eaeh of a monaxial, biaxial, and 
multiaxial joint, and explain the reason for its elassifieation. 

9. Name the joints that would be involved if you reaehed 
direetly overhead and screwed a lightbulb into a eeiling 
fixture. Deseribe the joint aetions that would occur. 




Anatomy of Seleeted 
Synovial Joints 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be 
able to 

a. identify the major anatomieal features of thejavv, 
shoulder, elbow, hip, knee, and ankle joints; and 

b. explain how the anatomieal differenees between these 
joints are related to differenees in function. 


We now examine the gross anatomy of eertain diarthroses. It is 
beyond the seope of this book to discuss very many of them, but 
the ones seleeted here most often require medieal attention and 
most have a strong bearing on athletie performanee and everyday 
function. 

The Jaw Joint 

The temporomandibular joint (TMJ) is the articulation of the 
eondyle of the mandible with the mandibular fossa of the temporal 
bone (fig. 9.18). You ean feel its aetion by pressing your finger- 
tips against the jaw immediately anterior to the ear while opening 
and elosing your mouth. This joint eombines elements of eondylar, 
hinge, and plane joints. It functions in a hingelike fashion when the 
mandible is elevated and depressed, it glides from side to side to 
grind food between the molars, and it glides slightly forward when 
the jaw is protraeted to take a bite or when the mouth is opened 
widely. If you palpate the joint just anterior to your earlobe while 
opening the mouth, you ean feel this forward glide of the eondylar 
proeess. You ean get a sense of the neeessity of this movement if 
you press on your ehin with the heel of your hand to prevent the 
mandible from gliding anteriorly; you will find it difficult to open 
the mouth very far. 


DEEPER INSIGHT 



TMJ Syndrome 

Temporomandibular joint (TMJ) syndrome has reeeived medieal 
reeognition only reeently, although it may affeet as many as 
75 million Amerieans. It ean cause moderate intermittent faeial 
pain, elieking sounds in the jaw, limitation ofjaw movement, and 
in some people, more serious symptoms—severe headaehes, 
vertigo (dizziness), tinnitus (ringing in the ears), and pain radiat- 
ing from the jaw down the neek, shoulders, and baek. It seems 
to be caused by a eombination of psyehologieal tension and 
malocclusion (misalignment of the teeth). Treatment may involve 
psyehologieal management, physieal therapy, analgesie and anti- 
inflammatory drugs, and sometimes eorreetive dental applianees 
to align the teeth properly. 
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(a) Lateral view 
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(b) Medial view 


(e) Sagittal seetion 


Figure 9.18 The Jaw (Temporomandibular) Joint. 



The synovial eavity of the TMJ is divided into superior and 
inferior ehambers by an articular dise, which permits lateral and 
medial excursion. Two ligaments support the joint. The lateral 
ligament prevents posterior displaeement of the mandible. If the 
jaw reeeives a hard blow, this ligament normally prevents the eon- 
dylar proeess from being driven upward and fracturing the base of 
the skull. The sphenomandibular ligament on the medial side of 
the joint extends from the sphenoid bone to the ramus of the man- 
dible. A stylomandibular ligament extends from the styloid pro- 
eess to the angle of the mandible but is not part of the TMJ proper. 

A deep yawn or other strenuous depression of the mandible ean 
disloeate the TMJ by making the eondyle pop out of the fossa and 
slip forward. The joint ean be reloeated by pressing down on the 
molars while pushing the jaw backward. 

The Shoulder Joínt 

The glenohumeral (humeroscapular) joint, or shoulder joint, is 
where the hemispherieal head of the humerus articulates with the 
glenoid eavity of the scapula (fig. 9.19). Together, the shoulder 
and elbow joints serve to position the hand for the performanee 
of a task; without a hand, shoulder and elbow movements are far 


less useful. The relatively loose shoulder joint capsule and shallow 
glenoid eavity saerifiee joint stability for freedom of movement. 
The eavity, however, has a ring of fibroeartilage ealled the glenoid 
labrum 26 around its margin, making it somewhat deeper than it 
looks on a dried skeleton. 

Five prineipal ligaments support this joint. The coracohumeral 
ligament extends from the eoraeoid proeess of the scapula to the 
greater tubercle of the humerus, and the transverse humeral 
ligament extends from the greater to the lesser tubercle of the 
humerus, ereating a tunnel, the intertubercular sulcus, through 
which a tendon of the bieeps braehii passes. The other three liga- 
ments, ealled glenohumeral ligaments, are relatively weak and 
sometimes absent. 

A tendon of the bieeps braehii muscle is the most important 
stabilizer of the shoulder. It originates on the margin of the gle- 
noid eavity, passes through the joint capsule, and emerges into the 
intertubercular sulcus, where it is held by the transverse humeral 
ligament. Inferior to the sulcus, it merges into the bieeps braehii. 
Thus, the tendon functions as a taut, adjustable strap that holds the 
humerus against the glenoid eavity. 


26 lobrum = lip 
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Figure 9.19 The Shoulder (Glenohumeral) Joint. 

• The soeket ofthe shoulder joint is o little deeper in life thon it oppeors on o 


dried skeleton. Whot structure mokes it so? AP| 


In addition to the bieeps braehii, four muscles important in 
stabilizing the glenohumeral j oint are the subscapularis, supraspi- 
natus, infraspinatus, and teres minor. The tendons of these four 
muscles form the rotator cuff which is fused to the joint capsule 
on all sides except inferiorly. The rotator cuff is discussed more 
fully on page 300. 

Four bursae are assoeiated with the shoulder joint. Their 
names deseribe their loeations—the subdeltoid, subacromial, 
subcoracoid, and subscapular bursae. 


Shoulder disloeations are very painful and sometimes result in 
permanent damage. The most eommon disloeation is downward 
displaeement of the humerus, because (1) the rotator cuff proteets 
the joint in all direetions except inferiorly, and (2) the joint is pro- 
teeted from above by the eoraeoid proeess, aeromion, and elaviele. 
Disloeations most often occur when the arm is abducted and then 
reeeives a blow from above—for example, when the outstretched 
arm is strnek by heavy objeets falling off a shelf. They also occur 
in ehildren who are jerked off the ground by one arm or foreed 
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to follow by a hard tug on the arm. Ghldren are espeeially prone 
to such injury not only because of the inherent stress caused by 
such abuse, but also because a ehild’s shoulder is not fully ossified 
and the rotator cuff is not strong enough to withstand such stress. 
Because this joint is so easily disloeated, you should never attempt 
to move an immobilized person by pulling on his or her arm. 

The Elbovv Joint 

The elbow includes a hinge joint eomposed of two articulations— 
the humeroulnar joint, where the troehlea of the humerus joins 


the troehlear noteh of the ulna, and the humeroradial joint, 
where the capitulum of the humerus meets the head of the radius 
( ig. 9.20). Both are enelosed in a single joint capsule. On the 
posterior side of the elbow, there is a prominent oleeranon bursa 
to ease the movement of tendons over the elbow. Side-to-side 
motions of the elbow joint are restrieted by a pair of ligaments, the 
radial (lateral) eollateral ligament and ulnar (medial) eollateral 
ligament. 

Another joint occurs in the elbow region, the proximal 
radioulnar joint, but it is not involved in the hinge. At this 
joint, the diselike head of the radius fits into the radial noteh 
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Figure 9.20 The Elbow Joint. This region includes two joints that form the elbow hinge—the humeroulnar and humeroradial—and one joint, the 
radioulnar, not involved in the hinge but involved in forearm rotation. ap : r 
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DEEPER INSIGHT 


Pulled Elbow 



The immatiire skeletons of ehildren and adoleseents are espe- 
eially viilnerable to injury. Pulled elbow (disloeation of the radius) 
is a eommon injury in presehool ehildren (espeeially girls). It typi- 
eally results from an adult lifting or jerking a ehild up by one arm 
when the arm is pronated, as in lifting a ehild into a high ehair or 
shopping eart (fig. 9.21). This tears the anular ligament from the 


head of the radius, and the radius pulls partially or entirely out 
of the ligament. The proximal part of the torn ligament is then 
painfully pinehed between the radial head and the capitulum 
of the humerus. Radial disloeation is treated by supinating the 
forearm with the elbow flexed and then putting the arm in a sling 
for about 2 weeks—time enough for the anular ligament to heal. 
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Figure 9.21 Pulled Elbow. Jerking a ehild by the arm ean disloeate the radius. (a) The anular ligament tears, and the radial head is pulled from 
the ligament. (b) Muscle eontraetion pulls the radius upward. The head of the radius produces a lump on the lateral side of the elbow and may 
painfully pineh the anular ligament. 


of the ulna and is held in plaee by the anular ligament, which 
eneireles the head of the radius and attaehes at eaeh end to 
the ulna. 

The Hip Joint 

The coxal (hip) joint is the point where the head of the femur 
inserts into the acetabulum of the hip bone (fig. 9.22). Because 
the coxal joints bear much of the body’s weight, they have deep 
soekets and are much more stable than the shoulder joints. 
The depth of the soeket is somewhat greater than you see on 
dried bones because a horseshoe-shaped ring of fibroeartilage, 
the acetabular labrum, is attaehed to its rim. A transverse 
acetabular ligament bridges a gap in the inferior margin of the 
acetabular labmm. Disloeations of the hip are rare, but some 
infants suffer eongenital disloeations because the acetabulum 
is not deep enough to hold the head of the femur in plaee. If 


deteeted early, this eondition ean be treated with a harness, worn 
for 2 to 4 months, that holds the head of the femur in proper posi- 
tion until the joint is stronger. 


Apply What You Know 

Where else in the body is there a structure similar to the 
acetabular labrum? What do those two loeations have in 
eommon? 


Ligaments that support the coxal joint include the iliofemoral 
(ILL-ee-oh-FEM-or-ul) and pubofemoral (PYU-bo-FEM-or-ul) 
ligaments on the anterior side and the isehiofemoral (ISS- 
kee-oh-FEM-or-ul) ligament on the posterior side. The name 
of eaeh ligament refers to the bones to which it attaehes—the 
femur and the ilium, pubis, or ischium. When you stand up, these 
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(b) Lateral view, femur retraeted 
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Figure 9.22 The Hip (Coxal) Joint. 


ligaments beeome twisted and pull the head of the femur tightly 
into the acetabulum. The head of the femur has a conspicuous 
pit ealled the fovea eapitis. The round ligament, or ligamentum 
teres 27 (TERR-eez), arises here and attaehes to the lower margin of 
the acetabulum. This is a relatively slaek ligament, so it is doubtful 


27 


that it plays a signifieant role in holding the femur in its soeket. It 
does, however, eontain an artery that supplies blood to the head of 
the femur. 

The Knee Joint 

The tibiofemoral (knee) joint is the largest and most complex 
diarthrosis of the body (figs. 9.23 and 9.24). It is primarily a hinge 
joint, but when the knee is flexed it is also eapable of slight rotation 


teres = round 
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Figure 9.21 The Knee (Tibiofemoral) Joint. ÌAPl R. 


(d) Superior view of tibia and menisei 


and lateral gliding. The patella and its ligament also form a plane 
patellofemoral joint with the femur. 

The joint capsule eneloses only the lateral and posterior sides 
of the patellar ligament and the lateral and medial patellar reti- 
nacula (not illustrated). These are extensions of the tendon of the 
quadriceps femoris muscle, the large anterior muscle of the thigh. 


The knee is stabilized mainly by the quadriceps tendon in front 
and the tendon of the semimembranosus muscle on the rear of the 
thigh. Developing strength in these muscles therefore reduces the 
risk of knee injury. 

The joint eavity eontains two C-shaped eartilages ealled the 
lateral and medial menisei (singular, meniscus) joined by a 
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transverse ligament. They absorb the shoek of the body weight 
jostling up and down on the knee and prevent the femur from 
roeking from side to side on the tibia. The posterior side of the 
knee, the popliteal (pop-LIT-ee-ul) region, is supported by a eom- 
plex array of intracapsular ligaments within the joint capsule 
and extracapsular ligaments external to it. The extracapsular 
ligaments are the oblique popliteal ligament (an extension of 
the tendon of the semimembranosus hamstring muscle), arcuate 
(AR-cue-et) popliteal ligament, fibular (lateral) eollateral 
ligament, and tibial (medial) eollateral ligament. Only the two 
eollateral ligaments are illustrated; they prevent the knee from 
rotating when the joint is extended. 

There are two intracapsular ligaments deep within the joint 
eavity. The synovial membrane folds around them, however, 
so that they are excluded from the fluid-filled synovial eavity. 


D E E P 
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I N S I G H T 



Knee lnjuries and Arthroseopie Siirgery 

Although the knee ean bear a lot of weight, it is highly vulnerable 
to rotational and horizontal stress, espeeially when the knee is 
flexed (as in skiing or running) and reeeives a blow from behind 
or from the side (fig. 9.25). The most eommon injuries are to a 
meniscus or the anterior cruciate ligament (ACL). Knee injuries 
heal slowly because ligaments and tendons have a seanty blood 
supply and eartilage usually has no blood vessels at all. 

The diagnosis and surgical treatment of knee injuries have 
been greatly improved by arthroseopy, a procedure in which 
the interior of a joint is viewed with a peneil-thin instrument, the 
arthroseope, inserted through a small ineision. The arthroseope 
has a light, a lens, and fiber opties that allow a viewer to see into 
the eavity and take photographs or video reeordings. A surgeon 
ean also withdraw samples of synovial fluid by arthroseopy or 
injeet saline into the joint eavity to expand it and provide a 
elearer view. If surgery is required, additional small ineisions ean 
be made for the surgical instmments and the procedures ean be 
observed through the arthroseope or on a monitor. Arthroseopie 
surgery produces much less tissue damage than eonventional 
surgery and enables patients to reeover more quickly. 

Orthopedie surgeons often replaee a damaged ACL with a graft 
from the patellar ligament or a hamstring tendon. The surgeon 
“harvests” a strip from the middle of the patient’s ligament or tendon, 
drills a hole into the femur and tibia within the joint eavity, threads 
the ligament through the holes, and fastens it with biodegradable 
screws. The grafted ligament is more taut and “eompetent” than the 
damaged ACL. It beeomes ingrown with blood vessels and serves 
as a substrate for the deposition of more eollagen, which further 
strengthens it in time. Following arthroseopie ACL reconstruction, 
a patient typieally must use 
crutches for 7 to 10 days 
and undergo physieal 
therapy for 6 to 10 
weeks, followed by 
self-direeted exer- 
eise therapy. Heal- 
ing is eompleted in 
about 9 months. 
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These ligaments eross eaeh other in the form of an X; henee, 
they are ealled the anterior emeiate 28 (CROO-she-ate) ligament 
(ACL) and posterior cruciate ligament (PCL). These are named 
aeeording to whether they attaeh to the anterior or posterior side 
of the tibia, not for their attaehments to the femur. When the knee 
is extended, the ACL is pulled tight and prevents hyperextension. 
The PCL prevents the femur from sliding off the front of the 
tibia and prevents the tibia from being displaeed backward. The 
ACL is one of the most eommon sites of knee injury (see Deeper 
Insight 9.4). 

An important aspeet of human bipedalism is the ability to loek 
the knees and stand ereet without tiring the extensor muscles of 
the thigh. When the knee is extended to the fullest degree allowed 
by the ACL, the femur rotates medially on the tibia. This aetion 
loeks the knee, and in this state, all the major knee ligaments are 
twisted and taut. To unlock the knee, the popliteus muscle rotates 
the femur laterally, causing the ligaments to untwist. 


The knee joint has at least 13 bursae. Four of these are anterior— 
the superficial infrapatellar, suprapatellar, prepatellar, 
and deep infrapatellar. Loeated in the popliteal region are the 
popliteal bursa and semimembranosus bursa (not illustrated). 
At least seven more bursae are found on the lateral and medial 
sides of the knee joint. From figure 9.23a, your knowledge of 
the relevant word elements (infra-, supra~, pre-), and the terms 
superficial and deep, you should be able to work out the reasoning 
behind most of these names and develop a system for remembering 
the loeations of these bursae. 

The Ankle Joint 

The talocrural 29 (ankle) joint includes two articulations— 
a medial joint between the tibia and talus and a lateral joint 
between the fibula and talus, both enelosed in one joint capsule 
(fig. 9.26). The malleoli of the tibia and fibula overhang the talus 


28 cruci = eross; ofe = eharaeterized by 


29 fo/o = ankle; crural = pertaining to the leg 
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Figure 9.26 The Ankle (Taloemral) Joint of the Right Foot. ÀP! R 
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on eaeh side like a eap and prevent most side-to-side motion. 
The ankle therefore has a more restrieted range of motion than 
the wrist. 

The ligaments of the ankle include (1) anterior and posterior 
tibiofibular ligaments, which bind the tibia to the fibula; (2) a 
multipart medial (deltoid) ligament, which binds the tibia to 
the foot on the medial side; and (3) a multipart lateral eollateral 
ligament, which binds the fibula to the foot on the lateral side. The 
ealeaneal (Aehilles) tendon extends from the ealf muscles to the 
calcaneus. It plantar flexes the foot and limits dorsiflexion. Plantar 


flexion is limited by extensor tendons on the anterior side of the 
ankle and by the anterior part of the joint capsule. 

Sprains (torn ligaments and tendons) are eommon at the ankle, 
espeeially when the foot is suddenly inverted or everted to excess. 
They are painful and usually aeeompanied by immediate swell- 
ing. They are best treated by immobilizing the joint and reducing 
swelling with an iee paek, but in extreme eases may require a east 
or surgery. 

The synovial joints deseribed in this seetion are summarized 

in table 9.2. 


TABLE 9.2 


Review of the Prineipal Diarthroses 


Joint 


Major Anatomieal Features and Aetions 


Jaw joint (fig. 9.18) 


Shoulder joint (fig. 9.19) 


Elbowjoint (fig. 9.20) 


Type: eondylar, hinge, and plane 

Movements: elevation, depression, protraetion, retraetion, lateral and medial excursion 
Articulotion: eondyle of mandible, mandibular fossa of temporal bone 
Ligoments: lateral, sphenomandibular 
Cortiloge: articular dise 


Type: ball-and-soeket 

Movements: adduction, abduction, flexion, extension, circumduction, medial and lateral rotation 

Artieoiotion: head of humerus, glenoid fossa of scapula 

Ligoments: coracohumeral, transverse humeral, three glenohumerals 

Tendons: rotator cuff (tendons of subscapularis, supraspinatus, infraspinatus, teres minor), tendon of 
bieeps braehii 

Bursoe: subdeltoid, subacromial, subcoracoid, subscapular 
Cortiloge: glenoid labrum 


Type: hinge and pivot 

Movements: flexion, extension, pronation, supination, rotation 

Articulotions: humeroulnar—troehlea of humerus, troehlear noteh of ulna; humeroradial—capitulum of 
humerus, head of radius; radioulnar—head of radius, radial noteh of ulna 
Ligoments: radial eollateral, ulnar eollateral, anular 
Burso: oleeranon 


Hip joint (fig. 9.22) 


Knee joint (fig. 9.23) 


Ankle joint (fig. 9.26) 


Type: ball-and-soeket 

Movements: adduction, abduction, flexion, extension, circumduction, medial and lateral rotation 
Articulotion: head of femur, acetabulum of hip bone 

Ligoments: iliofemoral, pubofemoral, isehiofemoral, ligamentum teres, transverse acetabular 
Cortiloge: acetabular labrum 


Type: primarily hinge 

Movements: flexion, extension, slight rotation 
Articulotions: tibiofemoral, patellofemoral 

Ligoments: anterior—lateral patellar retinaculum, medial patellar retinaculum; popliteal intracapsular 
anterior emeiate, posterior cruciate; popliteal extracapsular—oblique popliteal, arcuate popliteal, lateral 
eollateral, medial eollateral 

Bursoe: anterior—superficial infrapatellar, suprapatellar, prepatellar, deep infrapatellar; popliteal—popliteal, 
semimembranosus; medial and lateral—seven other bursae not named in this ehapter 
Cortiloges: lateral meniscus, medial meniscus (eonneeted by transverse ligament) 


Type: hinge 

Movements: dorsiflexion, plantar flexion, extension 
Articulotions: tibia—talus, fibula-talus, tibia—fibula 
Ligoments: anterior and posterior tibiofibular, deltoid, lateral eollateral 
Tendon: ealeaneal (Aehilles) 
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Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

10. What keeps the mandibular eondyle from slipping out of its 

fossa in a posterior direetion? 

11. List at least three vvays that the shoulder joint is stabilized. 

12. What keeps the femur from slipping baekvvard off the 

tibia? 

13. What keeps the tibia from slipping sidevvays off the talus? 



Expected Learning Outcomes 


When you have eompleted this seetion, you should be 
able to 

a. define rheumatism and deseribe the profession of 
rheumatology; 

b. define arthritis and deseribe its forms and causes; 

e. discuss the design and applieation of artifieial joints; and 
d. identify several joint diseases other than arthritis. 


Our quality of life depends greatly on mobility, and mobility 
depends on proper functioning of the diarthroses. Not surpris- 
ingly, therefore, joint dysfunctions are among the most eommon 
medieal eomplaints. Rheumatism is a broad term for any pain 
in the supportive and loeomotor organs of the body, including 
bones, ligaments, tendons, and muscles. Physieians who deal with 
the study, diagnosis, and treatment of joint disorders are ealled 
rhemnatologists. 


about 85% of people older than 70. It usually does not eripple, but 
in severe eases it ean immobilize the hip. 

Rheumatoid arthritis (RA), which is far more severe, results 
from an autoimmune attaek against the joint tissues. Like other 
autoimmune diseases, RA is caused by an autoantibody —a 
misguided antibody that attaeks the body’s own tissues instead of 
limiting its attaek to foreign matter. In RA, an autoantibody ealled 
rheumatoid faetor attaeks the synovial membranes. Inflammatory 
eells accumulate in the synovial fluid and produce enzymes that 
degrade the articular eartilage. The synovial membrane thiekens 
and adheres to the articular eartilage, fluid accumulates in the joint 
capsule, and the capsule is invaded by fibrous eonneetive tissue. 
As articular eartilage degenerates, the joint begins to ossify, and 
sometimes the bones beeome solidly fused and immobilized, a 
eondition ealled ankylosis 31 (fig. 9.27). RA tends to develop 
symmetrieally—if the right wrist or hip develops RA, so does 
the left. 


31 on/cy/ = bent, erooked; os/'s = eondition 



Arthritis 

The most widespread erippling disorder in the United States is 
arthritis , 30 a broad term that embraees more than a hundred dis- 
eases of largely obscure or unknown causes. In general, arthritis 
means inflammation of a joint. Nearly everyone develops arthritis 
to some degree after middle age and sometimes earlier. 

The most eommon form of arthritis is osteoarthritis (OA), 
also ealled “wear-and-tear arthritis” because it is apparently a 
normal consequence of years of wear on the joints. As joints age, 
the articular eartilage softens and degenerates. As the eartilage 
beeomes roughened by wear, joint movement may be aeeompanied 
by emnehing or eraekling sounds ealled crepitus. Osteoarthritis 
affeets espeeially the fingers, intervertebral joints, hips, and knees. 
As the articular eartilage wears away, exposed bone tissue often 
develops spurs that grow into the joint eavity, restriet movement, 
and cause pain. Though OA rarely occurs before age 40, it affeets 


30 arthr = joint; /'f/'s = inflammation 



(b) 


Figure 9.27 Rheiimatoid Arthritis (RA). (a) A severe ease with 

ankylosis of the joints. (b) Colorized X-ray of hands with RA. 


© CNRI/SPL/Science Source © John Watney/Science Source 
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TABLE 9.3 


Disorders of the Joints 


Disloeation 

(luxation) 


Gout 


Strain 


Displaeement of a bone from its normal position at a joint, usually aeeompanied by a sprain of the adjoining eonneetive 
tissues. Most eommon at the fingers, thumb, shoulder, and knee. 


A hereditary disease, most eommon in men, in vvhieh uric aeid erystals accumulate in the joints and irritate the articular 
eartilage and synovial membrane. Causes gouty arthritis, vvith svvelling, pain, tissue degeneration, and sometimes fusion 
of thejoint. Most eommonly affeets the great toe. 

Painful overstretehing of a tendon or muscle without serious tissue damage. Often results from inadequate warm-up 
before exercise. 


Subluxation 


Partial disloeation in which two bones maintain eontaet between their articular surfaces 


Synovitis 


Inflammation of a joint capsule, often as a eomplieation of a sprain 


Disorders Deseribed Elsevvhere 


Ankle sprains 219 
Bursitis 210 

Congenital hip disloeation 224 
Disloeation of the elbow 224 


Disloeation of the shoulder 222 
Knee injuries 227 
Osteoarthritis 230 
Rheumatoid arthritis 230 


Rotator cuff injury 300 
Tendinitis 210 
TMJ syndrome 220 


Rheiimatoid arthritis tends to flare up and subside (go into 
remission) periodieally. 32 It affeets women far more than men 
and typieally begins between the ages of 30 and 40. There is no 
cure, but joint damage ean be slowed with hydroeortisone or other 
steroids. Because long-term use of steroids weakens the bone, 
however, aspirin is the treatment of first ehoiee to eontrol the 
inflammation. Physieal therapy is also used to preserve the joint’s 
range of motion and the patient’s functional ability. 

Several eommon pathologies of the joints are briefly deseribed 
in table 9.3. 

Joint Prostheses 

Arthroplasty , 33 a treatment of last resort, is the replaeement 
of a diseased joint with an artifieial deviee ealled a joint 
prosthesis . 34 Joint prostheses were first developed to treat war 
injuries in World War II and the Korean War. Total hip replaee- 
ment (THR), first performed in 1963 by English orthopedie 
surgeon Sir John Charnley, is now the most eommon orthope- 
die procedure for the elderly. The first knee replaeements were 
performed in the 1970s. Joint prostheses are now available for 
finger, shoulder, elbow, hip, and knee joints. Arthroplasty is per- 
formed on over 250,000 patients per year in the LJnited States, 


32 rheumot = tending to ehange 
33 arthro = joint; plosty = surgical repair 
34 prosthe = something added 


primarily to relieve pain and restore function in elderly people 
with OA or RA. 

Arthroplasty presents ongoing ehallenges for biomedieal 
engineering. An effeetive prosthesis must be strong, nontoxic, 
and eorrosion-resistant. In addition, it must bond firmly to the 
patient’s bones and enable a normal range of motion with a mini- 
mum of frietion. The heads of long bones are usually replaeed with 
prostheses made of a metal alloy such as eobalt-ehrome, titanium 
alloy, or stainless steel. Joint soekets are made of polyethylene 
(fig. 9.28). Prostheses are bonded to the patient’s bone with screws 
or bone eement. 

Over 90% of artifieial knees last 10 years, 85% for 15 years, and 
75% for 20 years. The most eommon form of failure is detaehment 
of the prosthesis from the bone. This problem has been reduced by 
using porous-coated prostheses, which beeome infiltrated by the 
patient’s own bone and ereate a firmer bond. A prosthesis is not 
as strong as a natural joint, however, and is not an option for many 
young, aetive patients. 

Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

14. Define orthritis. How do the eaiises of osteoarthritis and 

rheumatoid arthritis differ? Which type is more eommon? 

15. What are the major engineering problems in the design of 

joint prostheses? What is the most eommon cause of failure 
of a prosthesis? 
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Figure 9.28 Joint Prostheses. (a) Artifieial femoral eondyles affixed to the distal end of the femur. (b) An artifieial knee joint bonded to a natural 
femur and tibia (eompare X-ray on p. 205). (e) A porous-coated hip prosthesis. The eaplike portion replaees the acetabulum of the hip bone, and the 
ball and shaft belovv it are bonded to the proximal end of the femur. (d) X-ray of a patient vvith a total hip replaeement. 



Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

9.1 Joints and Their Oassifieation (p. 206) 

1. The definition of joint (articulation) 

2. Names of the seienees eoneerned with 
j oint structure and movement 

3. The general rule for how joints are eom- 
monly named 

4. The eriteria used to elassify joints into ana- 
tomieal and functional eategories 

5. The distinguishing eharaeteristies of bony 
joints, fibrous joints, and cartilaginous 
joints; synonyms for these terms; and 
examples of joints in eaeh eategory 


6. The three subclasses of fibrous joints and 
three types of sutures, and examples of 
eaeh 

7. The two subclasses of cartilaginous joints, 
and examples of eaeh 

9.2 Synovial Joints (p. 209) 

1. The definition of synovial joint 

2. The anatomieal features of a generalized 
synovial joint 

3. The functions of articular dises and 
menisei at eertain synovial joints, where 
they ean be found, and their appearanee 

4. The defining eharaeteristies of tendons, 
ligaments, and bursae, and the roles they 
play at the joints; how tendon sheaths dif- 
fer from other bursae 


5. The distinetion between monaxial, biaxial, 
and multiaxial joints 

6. The six types of synovial joints and where 
they ean be found 

7. The definitions of )oint flexion, extension, 
and hyperextension; some everyday see- 
narios in which these movements occur; 
and the ability to demonstrate them with 
your own body 

8. The same for abduction, adduction, hyper- 
abduction, and hyperadduction 

9. The same for elevation and depression 

10. The same for protraetion and retraetion 

11. The same for circumduction 

12. The same for medial (internal) and lateral 
(external) rotation 
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13. The same for supination and pronation of 
the forearm 

14. The same for flexion, extension, hyper- 
extension, and lateral flexion of the verte- 
bral column 

15. The same for rotation of the head or torso 

16. The same for lateral and medial excursion 
of the mandible 

17. The same for wrist flexion and extension 
anteriorly and posteriorly, and ulnar and 
radial flexion from side to side 

18. The same for the thumb movements of 
radial abduction, palmar abduction, oppo- 
sition, and reposition 

19. The same for the ankle or foot movements 
of dorsiflexion, plantar flexion, inversion, 
and eversion, and how several of these 
movements are eombined in foot pronation 
and siipination 


20. How a joint’s range of motion (ROM) is 
measured and what anatomieal features 
govern the ROM 

9.3 Anatomy of Seleeted Synovial Joints 

(p. 220) 

1. Speeial functional qualities of the tem- 
poromandibular joint (TMJ); its major 
anatomieal features; and two eommon dis- 
orders of the TMJ 

2. Speeial functional qualities of the gleno- 
humeral joint; its major anatomieal fea- 
tures; and two of its eommon injuries 

3. The names of the three joints that occur 
at the elbow; how they enable the varied 
movements of the forearm; and the major 
anatomieal features of the elbow joints 

4. Speeial functional qualities of the coxal 
joint; its major anatomieal features; and 
the aetions of the ligaments at this joint 
when a person stands 


5. Speeial functional qualities of the tibio- 
femoral joint; its major anatomieal fea- 
tures (espeeially its menisei and emeiate 
ligaments); and the eommon injuries of 
this joint 

6. Speeial functional qualities of the taloem- 
ral joint; its major anatomieal features; and 
the nature of sprains at this joint 

9.4 Clinical Perspeetives (p. 230) 

1. The range of disorders included in the 
eoneept of rheumatism, and the related 
term for physieians who speeialize in joint 
disorders 

2. The general meaning of arthritis, and 
the pathology and distinetions between 
osteoarthritis and rheumatoid arthritis 

3. Joint prostheses and arthroplasty 


Testing Your Reeall 


1. Lateral and medial excursion are move- 
ments unique to 

a. the ankle. 

b. the thumb. 

e. the mandible. 

d. the knee. 

e. the elaviele. 

2. Which of the following is the least 
movable? 

a. a diarthrosis 

b. a synostosis 
e. a symphysis 

d. a syndesmosis 

e. a eondylar joint 

3. Which of the following movements are 
unique to the foot? 

a. dorsiflexion and inversion 

b. elevation and depression 

e. circumduction and rotation 

d. abduction and adduction 

e. opposition and reposition 

4. Which of the following joints eannot be 
circumducted? 

a. trapeziometaearpal 

b. metaearpophalangeal 
e. glenohumeral 

d. coxal 

e. interphalangeal 

5. Which of the following terms denotes a 
general eondition that includes the other four? 
a. gout 


b. arthritis 
e. rheumatism 

d. osteoarthritis 

e. rheumatoid arthritis 

6. In the adult, the ischium and pubis are 
united by 

a. a synehondrosis. 

b. a diarthrosis. 
e. a synostosis. 

d. an amphiarthrosis. 

e. a symphysis. 

7. Articular dises are found only in eertain 

a. synostoses. 

b. symphyses. 
e. diarthroses. 

d. synehondroses. 

e. amphiarthroses. 

8. Which of the following joints has anterior 
and posterior emeiate ligaments? 

a. the shoulder 

b. the elbow 
e. the hip 

d. the knee 

e. the ankle 

9. To bend backward at the waist involves 
_of the vertebral column. 

a. rotation 

b. hyperextension 
e. dorsiflexion 

d. abduction 

e. flexion 


10. If you sit on a sofa and then raise your left 
arm to rest it on the baek of the sofa, your 
left shoulder joint undergoes primarily 

a. lateral excursion. 

b. abduction. 
e. elevation. 

d. adduction. 

e. extension. 

11. The lubricant of a diarthrosis is_. 

12. A fluid-filled sae that eases the move- 
ment of a tendon over a bone is ealled a/an 


13. A_joint allows one bone to swivel 

on another. 

14. _is the seienee of movement. 

15. Thejoint between a tooth and the mandible 

is ealled a/an_. 

16. In a/an_suture, the articulating bones 

have interloeking wavy margins, somewhat 
like a dovetail joint in earpentry. 

17. In kieking a football, what type of aetion 
does the knee joint exhibit? 

18. The angle through which a joint ean move 

is ealled its_. 

19. A person with a degenerative joint disorder 

would most likely be treated by a physieian 
ealled a/an_. 

20. The femur is prevented from slipping side- 

ways off the tibia in part by a pair of ear- 
tilages ealled the lateral and medial_. 


Answers in appendix A 
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Building Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 
following word elements, and give a term in 
which it is used. 

1. arthro- 

2. re- 


3. sym- 

4. amphi- 

5. -physis 

6. eireiim- 

7. ab- 


8. ad- 

9. duc- 
10. kinesio- 


Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. More people get rheumatoid arthritis than 
osteoarthritis. 

2. A doetor who treats arthritis is ealled a 
kinesiologist. 

3. Synovial joints are also known as 
synarthroses. 


4. Most ligaments, but not all, eonneet one 
bone to another. 

5. Reaehing behind you to take something 
out of your hip poeket involves hyperex- 
tension of the elbow. 

6. The anterior cruciate ligament normally 
prevents hyperextension of the knee. 

7. There is no meniscus in the elbow joint. 


8. The kmiekles are diarthroses. 

9. Synovial fluid is seereted by the bursae. 

10. Most eondylar joints ean move in more 

planes than a hinge joint. 

Answers in appendix A 


Testing Your Comprehension 


1. Why are there menisei in the knee joint but 
not in the elbow, the eorresponding joint of 
the upper limb? Why is there an articular 
dise in the temporomandibular joint? 

2. What ligaments would most likely be torn 
if you slipped and your foot was suddenly 
foreed into an excessively inverted posi- 
tion: (a) the posterior talofibular and eal- 
caneofibular ligaments, or (b) the medial 


ligament? Explain. What would the result- 
ing eondition of the ankle be ealled? 

3. In order of occurrence, list the joint aetions 
(flexion, pronation, ete.) and the joints 
where they would occur as you (a) sit 
down at a table, (b) reaeh out and piek 
up an apple, (e) take a bite, and (d) chew 
it. Assume that you start in anatomieal 
position. 


4. What structure in the elbow joint serves 
the same purpose as the anterior emeiate 
ligament (ACL) of the knee? 

5. List the six types of synovial joints and 
for eaeh one, if possible, identify a joint in 
the upper limb and a joint in the lower limb 
that fall into eaeh eategory. Which of these 
six ioints have no examples in the lower 
limb? 
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M uscles constitute nearly half of the body’s weight and 

occupy a plaee of eentral interest in several fields of 
health eare and fitness. Physieal and occupational 
therapists must be well acquainted with the muscular system to 
plan and earry out rehabilitation programs. Athletes and trainers, 
daneers and aerobats, and amateur fitness enthusiasts follow 
programs of resistanee training to strengthen individual muscle 
groups through movement regimens based on knowledge of 
muscle, bone, and joint anatomy. Nurses employ their knowledge 
of the muscular system to give intramuscular injeetions eorreetly 
and to safely and effeetively move patients who are physieally 
ineapaeitated. Gerontologieal nurses are keenly aware of how 
deeply a person’s muscular eondition affeets the quality of life in 
old age. The muscular system is highly important to biomedieal 
diseiplines even beyond the seope of the movement seienees. 
It is the primary source of body heat in the moving individual, 
and through its absorption, storage, and use of glucose, it is a 
signifieant faetor in blood glucose level and diabetes prevention. 

The next three ehapters focus on the muscular system—the 
functional anatomy of muscular tissue in this ehapter, muscles of 
the axial region of the body (head and trunk) in ehapter 11, and 
muscles of the appendicular region (limbs and limb girdles) in 
ehapter 12. These ehapters draw on what we have eovered in 
the preeeding ehapters—bone and joint structure—to flesh out 
our eomprehension of body posture and movement. The current 
ehapter also eonsiders eardiae and smooth muscle and howthey 
eompare with skeletal muscle. 



Muscle Types 
and Functions 


Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the distinetions between the three types of 
muscular tissue; and 

b. list the functions of muscular tissue and the properties 
it must have to earry out these functions. 


As we saw in ehapter 3, there are three kinds of muscular tissue 
in the human body—skeletal, eardiae, and smooth. All types, 
however, are speeialized for one fundamental purpose: to eonvert 
the ehemieal energy of ATP into the meehanieal energy of motion. 
Muscle eells exert a useful foree on other eells or tissues—either 
to produce desirable movements or to prevent undesirable ones. 

Although we examine all three muscle types in this ehapter, most 
of our attention will focus on the miiseiilar 1 system, eomposed of 
the skeletal muscles only. The word rnuscle means “little mouse,” 
apparently referring to the appearanee of muscles rippling under 
the skin. The study of the skeletal muscles is ealled myology . 2 


] mus = mouse; cul = little; ar = resembling 

2 myo = muscle; logy = study of 
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Figure 10.1 Skeletal Muscle Fibers. 

• V/hat tissue eharaeteristies evident in this photo distinguish this from 
eardiae and smooth muscle? ap : r 


Types of Miisele 

Skeletal muscle may be defined as voluntary striated muscle that 
is usually attaehed to one or more bones. It is ealled voluntary 
because it is usually subject to conscious eontrol; we ean deeide 
when to eontraet a skeletal muscle. It is ealled striated because it 
exhibits a mieroseopie pattern of alternating light and dark bands, 
or striations, which result from the overlapping arrangement of the 
eontraetile proteins within eaeh eell (fig. 10.1). A typieal skeletal 
muscle eell is about 100 pm in diameter and 3 em (30,000 pm) 
long; some are as thiek as 500 pm and as long as 30 em. Because 
of their extraordinary length, skeletal muscle eells are usually 
ealled muscle fibers or myofibers. 

Cardiac muscle is also striated, but it is invohintary —not 
normally under conscious eontrol. Its eells are not fibrous in 
shape, but relatively short and stumpy, somewhat like logs with 
notehed ends. Thus, they are ealled eardioeytes or myoeytes 
rather than fibers. Cardiocytes are eommonly about 80 pm long 
by 15 pm wide. 

Smooth muscle is also involuntary, and unlike skeletal and 
eardiae muscle, it laeks striations—henee the deseription smooth. 
It eontains the same eontraetile proteins as the other muscle types, 
but they are not arranged in a regularly overlapping way, so there 
are no striations. Its eells, also ealled myoeytes, are fusiform in 
shape—thiek in the middle and tapered at the ends. They average 
about 200 pm long by 5 pm wide at the thiekest part, but they ean 
be as short as 20 pm in small blood vessels or as long as 500 pm 
in the pregnant uterus. 


Functions of Muscle 

The functions of muscular tissue are as follows: 

• Movement. Muscles enable us to move from plaee to plaee 
and to move individual body parts; they move body eontents 
in the course of breathing, blood circulation, feeding and 
digestion, defeeation, urination, and ehildbirth; and they serve 
various roles in eomrmmieation—speeeh, writing, faeial 
expressions, and other body language. 


© Ed Resehke/Getty Images 
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• Stability. Muscles maintain posture by preventing unwanted 
movements. Some are ealled antigravity muscles because, 

at least part of the time, they resist the pull of gravity and 
prevent us from falling or shimping over. Many muscles 
also stabilize the joints by maintaining tension on tendons 
and bones. 

• Control of body openings and passages. Muscles eneireling 
the mouth serve not only for speeeh but also for food intake and 
retention of food while chewing. In the eyelid and pupil, they 
regulate the admission of light to the eye. Internal muscular 
rings eontrol the movement of food, bile, blood, and other 
materials within the body. Muscles eneireling the urethra and 
anus eontrol the elimination of waste. 

• Heat production. Body heat is neeessary for enzymes to 
function and regulate one’s metabolism. The skeletal muscles 
produce 20% to 30% of our body heat at rest and up to 40 
times as much during exercise. 

• Glyeemie eontrol. This means the regulation of blood glucose 
within normal limits. The skeletal muscles absorb, store, and 
use a large share of one’s glucose and play a signifieant role in 
stabilizing its blood eoneentration. In old age, in obesity, and 
when muscles beeome deeonditioned and weakened, people 
suffer an inereased risk of type 2 diabetes mellitus because of 
the deeline in this glucose-buffering function. 


Llniversal Properties of Muscle 

To earry out the foregoing functions, muscle eells must have the 
following properties: 

• Excitability (responsiveness). This is a property of all living 
eells, but it is developed to the highest degree in muscle 
and nerve eells. When stirmrlated by ehemieal signals, 
streteh, and other stimuli, muscle eells exhibit eleetrieal and 
meehanieal responses. 

• Conductivity. Loeal eleetrieal excitation produced at the 
point of rmrsele stimulation is conducted throughout the 
entire plasma membrane, stimulating all regions of the muscle 
eell and initiating the events that lead to eontraetion. 

• Contractility. Muscle eells are unique in their ability to 
shorten substantially when stimulated. This enables them to 
pull on bones and other organs to ereate movement. 

• Extensibility. Most eells rupture if they are stretehed even 
a little, but skeletal rmrsele eells are unusually extensible; 
they ean streteh to as much as three times their eontraeted 
length without harm. If not for this property, the muscle on 
one side of a joint would resist the aetion of a muscle on the 
other side. An elbow flexor such as the bieeps braehii, for 
example, would resist elbow extension by the trieeps braehii 
(see fig. 10.4). 

• Elastieity. When a muscle eell is stretehed and then 
the tension is released, it reeoils to a shorter original 
length. If not for this elastie reeoil, resting muscles would 
be flabby. 

From this point on, this ehapter eoneerns skeletal muscles 
unless otherwise stated. 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. What general function of muscular tissue distinguishes it 
from other tissue types? 

2. What are the basie structural differenees between skeletal, 
eardiae, and smooth muscle? 

3. State four functions of the muscular system. 

4. State five speeial properties of muscular tissue that enable 
it to perform its functions. 



General Anatomy 
of Muscles 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the eonneetive tissues and assoeiated 
structural organization of a muscle; 

b. explain how muscles are elassified by the arrangement 
of their fiber bundles (faseieles); 

e. deseribe the types of muscle-bone attaehments; 

d. deseribe the parts of a typieal muscle; 

e. deseribe the way that muscles are arranged in groups 
with eomplementary aetions at a joint; 

f. explain what intrinsie and extrinsic muscles are; and 

g. deseribe three types of musculoskeletal levers and 
their respeetive advantages. 


Connective Tissues and Faseieles 

A skeletal muscle is more than muscular tissue. It also eontains 
eonneetive tissue, nerves, and blood vessels. The eonneetive tissue 
eomponents, from the smallest to largest and from deep to superfi- 
eial, are as follows (fig. 10.2): 

• Endomysium 3 (EN-doe-MIZ-ee-um). This is a thin sleeve 
of loose eonneetive tissue that surrounds eaeh muscle fiber. 

It ereates room for blood eapillaries and nerve fibers to 
reaeh every muscle fiber. The endomysium also provides the 
extracellular ehemieal environment for the muscle fiber and 
its assoeiated nerve ending. Excitation of a muscle fiber is 
based on the exchange of calcium, sodium, and potassium 
ions between the endomysial tissue fluid and the nerve and 
muscle fibers. 


3 endo — vvithin; mys = muscle 
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(e) 

Figiire 10.2 The Connective Tissues of a Skeletal Muscle. (a) The muscle-bone 
attaehment. There is a continuity of eonneetive tissue from endomysium around 
the muscle fibers to the perimysium, epimysium, faseia, and tendon, grading into the 
periosteum and finally the matrix of the bone. (b) A eross seetion of the thigh shovving 
the relationship of neighboring muscles to faseia and bone. (e) Muscle faseieles in 
the tongue. Vertieal faseieles passing betvveen the superior and inferior surfaces 
of the tongue are seen alternating vvith eross-seetioned horizontal faseieles that pass 
from the tip to the rear of the tongue. A fibrous perimysium ean be seen betvveen 
the faseieles, and endomysium ean be seen betvveen individual muscle fibers vvithin 
eaeh faseiele. (e.s. = eross seetion; l.s. = longitudinal seetion) 


• Perimysium . 4 This is a thieker eonneetive tissue sheath that 
wraps muscle fibers together in bundles ealled faseieles 5 
(FASS-ih-culs). Faseieles are visible to the naked eye as 
parallel strands—the “grain” in a cut of meat; tender roast 
beef is easily pulled apart along its faseieles. The perimysium 
earries the larger nerves and blood vessels as well as streteh 
reeeptors ealled muscle spindles (see p. 463). 

• Epimysium . 6 This is a fibrous sheath that surrounds the 
entire muscle. On its outer surface, the epimysium grades into 
the faseia, and its inner surface issues projeetions between the 
faseieles to form the perimysium. 

4 peri = around 

5 fosc = bundle; /e/e = little 

6 ep/ = upon, above 


• Faseia (FASH -ee-uh). This is a sheet of eonneetive tissue that 
separates neighboring muscles or muscle groups from eaeh 
other and from the subcutaneous tissue. Muscles are grouped 
in eompartments separated from eaeh other by faseia. 

Faseieles and Muscle Shapes 

The strength of a muscle and the direetion of its pull are determined 
partly by the orientation of its faseieles. Muscles ean be elassified 
aeeording to faseiele orientation as follows (fig. 10.3); 

• Fusiform 7 rmiseles are thiek in the middle and tapered at 
eaeh end. The bieeps braehii of the arm and gastroenemiiis of 

7 fusi = spindle; form = shape 


Vietor Erosehenko 
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Figure 10.3 eiassifieation of Muscles Aeeording to Faseiele Orientation. The faseieles are the “grain” visible in eaeh illustration. 
Why could some porollel muscles be stronger thon some pennote muscles? 


the ealf are examples of this type. Strength is proportional to 
a muscle’s diameter at its thiekest point, and fusiform muscles 
are relatively strong. 

• Parallel muscles have a fairly uniform width and parallel 
faseieles. Some of these are elongated straps, such as the 
rectus abdominis of the abdomen, sartorius of the thigh, 
and zygomatiens major of the faee. Others are more squarish 
and are ealled quadrilateral (four-sided) muscles, such as 
the masseter of the jaw. Parallel muscles ean span long 
distanees, such as from hip to knee, and they shorten more 
than other muscle types. However, having fewer muscle 
fibers than fusiform muscles of eomparable mass, they 
produce less foree. 

• Triangular (eonvergent) muscles are fan-shaped—broad 
at one end and narrower at the other. Examples include the 
peetoralis major in the ehest and the temporalis on the side 
of the head. Despite their small loealized attaehments to a 
bone, these muscles are relatively strong because they eontain 
a large number of fibers in the wider part of the rmisele. 

• Pennate 8 muscles are feather-shaped. Their faseieles lead 
obliquely to a tendon that runs the length of the muscle, 
like the shaft of a feather. There are three types of pennate 
muscles: unipennate, in which all faseieles approaeh the 
tendon from one side (for example, the palmar interosseons 
muscles of the hand and semimembranosus of the thigh); 
bipennate, in which faseieles approaeh the tendon from 
both sides (for example, the rectus femoris of the thigh); 
and multipennate, shaped like a bunch of feathers with their 
quills eonverging on a single point (for example, the deltoid 
of the shoulder). These muscles generate more foree than the 
preeeding types because they fit more muscle fibers into a 
given length of muscle. 

• Circular muscles (sphineters) form rings around eertain 
body openings. When they eontraet, they eonstriet the 
opening and tend to prevent the passage of material through 


it. Examples include the orbicularis oculi of the eyelids and 
the external urethral and anal sphineters. Smooth muscle ean 
also form sphineters—for example, the pylorie valve at the 
passage from the stomaeh to the small intestine and internal 
sphineters of the urinary traet and anal eanal. 


Muscle Attaehments 

Skeletal muscles attaeh to bones through extensions of their eon- 
neetive tissue eomponents. There are two forms of attaehment— 
indireet and direet. 

In an indireet attaehment, the muscle ends conspicuously 
short of its bony destination, and the gap is bridged by a fibrous 
band or sheet ealled a tendon. See, for example, the two ends 
of the bieeps braehii in figure 10.4 and the photographs in 
figures 12.10b (p. 308) and 12.15 (p. 317). You ean easily palpate 
tendons and feel their texture just above the heel (your ealeaneal or 
Aehilles tendon) and on the anterior side of the wrist (tendons of 
the palmaris longus and flexor earpi radialis muscles). Collagen 
fibers of the rmisele (the endo-, peri-, and epimysium) continue 
into the tendon and from there into the periosteum and matrix of 
the bone, ereating very strong structural continuity from muscle 
to bone. The thiek midregion of a rmisele between its tendons is 
ealled the belly. 

In some eases, the tendon is a broad sheet ealled an aponeurosis 9 
(AP-oh-new-RO-sis). This term originally referred to the tendon 
loeated beneath the sealp, henee the name, but now it also refers 
to similar tendons assoeiated with eertain abdominal, lumbar, 
hand, and foot muscles. For example, the palmaris longus tendon 
passes through the wrist and then expands into a fanlike palmar 
aponeurosis beneath the skin of the palm (see fig. 12.8a, p. 305). 

In a direet (fleshy) attaehment, there is so little separation 
between muscle and bone that to the naked eye, the red muscular 
tissue seems to emerge direetly from the bone—for example, 


8 penna = feather; ate = eharaeterized by 


9 opo = upon, above; neuro = nerve, nervous tissue 
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Tendon 


Scapula 


Extensors: 

Trieeps braehii 

Long head 
Lateral head 


Joint ligaments 



Tendons 

Humerus 

Bellies 


Flexors: 

- Bieeps braehii 

- Braehialis 


Tendons 


Radius 

Ulna 


Figure 10.4 Muscle Groups Aeting on the Elbow. The bieeps 
braehii and braehialis are synergists in elbow flexion. The braehialis is 
the prime mover in flexion. The trieeps braehii is an antagonist of these 
two muscles and is the prime mover in elbow extension. 

• Which ofthese muscles hove direet ottoehments to the bones, ond 
which hove indireet ottoehments? 


along the margins of the braehialis and lateral head of the tri- 
eeps braehii in figure 10.4. At a mieroseopie level, however, 
the miisele fibers stop slightly short of the bone, and the gap 
between muscle and bone is spanned by eollagen fibers that pen- 
etrate into the bone. 

Some authorities eontend that the tendons and other collagenous 
tissues streteh and reeoil signifieantly during muscle aetion and 
contribute to the power output and effieieney of a muscle. When 
you are mnning, for example, reeoil of the ealeaneal tendon may 
help to lift the heel and produce some of the thrnst as your toes 
push off from the ground. (Such reeoil contributes signifieantly to 
the long, energy-effieient leaping of kangaroos.) Others feel the 
elastieity of these eomponents is negligible in humans and that 
the reeoil is produced entirely by eertain intracellular proteins of 
the muscle fibers themselves. 

Muscle Origins and Insertions 

Most skeletal muscles are attaehed to a different bone at eaeh 
end, so either the muscle or its tendon spans at least one joint. 
When the muscle eontraets, it moves one bone relative to the 
other. Traditionally, the bony site of attaehment at the relatively 
stationary end has been ealled the origin of the muscle, and 
the attaehment at the more mobile end has been ealled its 
insertion. The terminology of origins and insertions, however, 
was imperfeet and sometimes misleading. One end of a muscle 
ean function as its stationary origin during one aetion, but as its 
moving insertion during a different aetion. For example, eonsider 


the quadriceps femoris muscle on the anterior side of the thigh. 
It is a powerful extensor of the knee, eonneeted at its proximal 
end mainly to the femur and at its distal end to the tibia, just 
below the knee. If you kiek a soeeer ball, the tibia moves more 
than the femur, so the tibia would be eonsidered the insertion of 
the quadriceps and the femur would be eonsidered its origin. But 
when you stand up from a ehair, the tibia remains stationary and 
the femur moves. By the foregoing definitions, the tibia would 
now be eonsidered the origin of the quadriceps and the femur 
would be its insertion. 

Similarly, eonsider the differenee in the relative movements of 
the humerus and ulna when flexing the elbow to lift dumbbells 
as eompared with flexing the elbow to perform chin-ups or seale 
a elimbing wall. For such reasons, Gray’s Anatomy and other 
authorities have lately abandoned origin and insertion terminology 
and speak instead of a muscle’s proximal and distal or superior and 
inferior attaehments, espeeially in the limbs. 

Some muscles attaeh to tissues other than bone, such as the 
faseia or tendon of another muscle or the dermis of the skin. The 
distal tendon of the bieeps braehii, for example, attaehes partly to 
the faseia of the forearm. Many faeial muscles attaeh to the dermis, 
enabling them to produce expressions such as a smile. 


Fiinetional Groups of Muscles 

The effeet produced by a muscle, whether it is to produce or prevent 
a movement, is ealled its aetion. Skeletal muscles seldom aet 
independently; instead, they function in groups whose eombined 
aetions produce the eoordinated eontrol of a joint. Muscles ean 
be elassified into four eategories aeeording to their aetions, but 
it must be stressed that a particular muscle ean aet in a eertain 
way during one joint aetion and in a different way during other 
aetions of the same joint. The following examples are illustrated 
in figure 10.4: 


1. The prime mover (agonist) is the muscle that produces most 
of the foree during a particular joint aetion. In flexing the 
elbow, for example, the prime mover is the braehialis. 


2. A synergist 10 (SIN-ur-jist) is a muscle that aids the prime 
mover. Two or more synergists aeting on a joint ean produce 
more power than a single larger muscle. The bieeps braehii, 
for example, overlies the braehialis and works with it as a 
synergist to flex the elbow. The aetions of a prime mover and 
its synergist are not neeessarily identieal and redundant. If the 
prime mover worked alone at a joint, it might cause rotation 
or other undesirable movements of a bone. A synergist may 
stabilize a joint and restriet these movements, or modify the 
direetion of a movement so that the aetion of the prime mover 
is more eoordinated and speeifie. 


3. An antagonist 11 is a muscle that opposes the prime mover. 
In some eases, it relaxes to give the prime mover almost 
eomplete eontrol over an aetion. More often, however, the 


10 syn = together; erg = work 

^ant = against; agonist = aetor, eompetitor 
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antagonist maintains some tension on a joint and thus limits 
the speed or range of the prime mover, preventing excessive 
movement, joint injury, or inappropriate aetions. If you 
extend your arm to reaeh out and piek up a cup of tea, for 
example, your trieeps braehii serves as the prime mover of 
elbow extension, and your braehialis aets as an antagonist 
to slow the extension and stop it at the appropriate point. If 
you extend your arm rapidly to throw a dart, however, the 
braehialis must be quite relaxed. The braehialis and trieeps 
represent an antagonistie pair of muscles that aet on opposite 
sides of a joint. We need antagonistie pairs at a joint because 
a muscle ean only pull, not push—for example, a single 
muscle eannot flex and extend the elbow. Which member of 
the pair aets as the prime mover depends on the motion under 
eonsideration. In flexion of the elbow, the braehialis is the 
prime mover and the trieeps is the antagonist; when the elbow 
is extended, their roles are reversed. 

4. A fixator is a muscle that prevents a bone from moving. To 
fix a bone means to hold it steady, allowing another muscle 
attaehed to it to pull on something else. For example, eonsider 
again the flexion of the elbow by the bieeps braehii. The 
bieeps extends from the scapula to the radius. The scapula 
is loosely attaehed to the axial skeleton, so when the bieeps 
eontraets, it seems that it would pull the scapula laterally. 
However, there are fixator muscles (the rhomboids) that 
attaeh the scapula to the vertebral column. They eontraet at 
the same time as the bieeps, holding the scapula firmly in 
plaee and ensuring that the foree generated by the bieeps 
moves the radius rather than the scapula. 


intrinsie and Extrinsic Muscles 

In plaees such as the tongue, larynx, baek, hand, and foot, anat- 
omists distinguish between intrinsie and extrinsic muscles. An 
intrinsie muscle is entirely eontained within a particular region, 
having both of its attaehments there. An extrinsic muscle aets 
upon a designated region but originates elsewhere. For example, 
some movements of the fingers are produced by extrinsic muscles 
in the forearm, whose long tendons reaeh to the phalanges; other 
finger movements are produced by intrinsie muscles between the 
metaearpal bones. 


Resistanee 



Resistanee arm 


Fulcrum 


Figure 10.5 Basie eomponents of a Lever. 

• /s this o first-, seeond-, or third-eloss lever? How do you know? 


a resisting objeet than the foree applied to the lever (for example, 
in moving a heavy objeet with a crowbar) or to move the resisting 
objeet farther or faster than the effort arm is moved (as in rowing 
a boat). A single lever eannot eonfer both advantages. There is a 
trade-off between foree on one hand and speed or distanee on the 
other—as one inereases, the other deereases. 

The meehanieal advantage (MA) of a lever is the ratio of its 
output foree to its input foree. It is equal to the length of the effort 
arm, L E , divided by the length of the resistanee arm, L R ; that is, 
MA = L e /L r . If MA is greater than 1.0, the lever produces more 
foree, but less speed or distanee, than the foree exerted on it. If 
MA is less than 1.0, the lever produces more speed or distanee, 
but less foree, than the input. Consider the forearm, for example 
(fig. 10.6a). The resistanee arm of the ulna is longer than the effort 
arm, so we know from the preeeding formula that the meehanieal 
advantage is less than 1.0. The figure shows some representative 
values for L E and L R that yield MA = 0.15. The braehialis puts 
more power into the ulna than we get out of it, but the hand moves 
farther and faster than the ulnar attaehment of the braehialis ten- 
don. By eontrast, when the digastrie muscle depresses the man- 
dible, the MA is about 2.7. The eoronoid proeess of the mandible 
moves with greater foree, but a shorter distanee, than the mental 
protuberance of the ehin (fig. 10.6b). 


DEEPER INSIGHT 



Muscles, Bones, and Levers 

Many bones, espeeially the long bones, aet as levers on which the 
muscles exert their foree. A lever is any elongated, rigid objeet 
that rotates around a fixed point ealled the fulcrum (fig. 10.5). 
Rotation occurs when an effort applied to one point on the lever 
overeomes a resistanee (load) loeated at some other point. The 
part of a lever from the fulcrum to the point of effort is ealled the 
effort arm, and the part from the fulcrum to the point of resistanee 
is the resistanee arm. In the body, a bone aets as a lever, a joint 
serves as the fulcrum, and the effort is generated by a muscle. 

The function of a lever is to produce a gain in the speed, 
distanee, or foree of a motion—either to exert more foree against 


Muscle-Bound 

Any well-planned program of resistanee (strength) training or 
bodybuilding must include exercises aimed at proportional devel- 
opment of the different members of a muscle group, such as 
flexors and extensors of the arm. Otherwise, the muscles on one 
side of a joint may develop out of proportion to their antagonists 
and restrietthejoint’s range of motion (ROM). Ifthe bieeps braehii 
is heavily developed without proportionate attention to the trieeps 
braehii, for example, the stronger bieeps will cause the elbow 
to be somewhat flexed eonstantly, and the ROM of the elbow 
will be restrieted. The joint is then said to be “muscle-bound.” 
People with muscle-bound joints move awkwardly and are poor 
at aetivities that require agility, such as danee and ball games. 
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Figure 10.6 Meehanieal Advantage (MA). MA is calculated as the length of the effort arm divided by the length of the resistanee arm. 
(a) The forearm aets as a third-elass lever during flexion of the elbow. (b) The mandible aets as a seeond-elass lever when the jaw is foreibly 
opened. The digastrie muscle and others provide the effort, while tension in the temporalis muscle and others provides the resistanee. 


As we have already seen, some joints have two or more 
muscles aeting on them that seemingly produce the same effeet, 
such as elbow flexion. At first, you might eonsider this arrange- 
ment redundant, but it makes sense if the tendinous attaehments 
of the muscles are at slightly different plaees and produce differ- 
ent meehanieal advantages. A mnner taking off from the starting 
line, for example, uses ‘Tow-gear” (high-MA) muscles that do not 
generate much speed but have the power to overeome the inertia of 
the body. A mnner then “shifts into high gear” by using muscles 
with different attaehments that have a lower meehanieal advantage 
but produce more speed at the feet. This is analogous to the way an 
automobile transmission works to get a ear moving and then shifts 
gears to emise at high speed. 

There are three elasses of levers that differ with respeet to 
which eomponent is in the middle—the fulcrum (F), effort (E), or 
resistanee (R). A first-elass lever ( ig. 10.7a) is one with the ful- 
emm in the middle (EFR), such as a seesaw. An anatomieal exam- 
ple is the atlanto-oeeipital joint of the neek, where the muscles of 
the baek of the neek pull down on the oeeipital bone of the skull 
and oppose the tendeney of the head to tip forward. Loss of muscle 
tone here ean be embarrassing if you nod off in elass. 

A seeond-elass lever ( ig. 10.7b) is one in which the resistanee 
is in the middle (FRE). Lifting the handles of a wheelbarrow, for 
example, makes it pivot on its wheel at the opposite end and lift 
a load in the middle. If you sit in a ehair and raise one knee, as in 
bouncing a ehild on your knee, the femur pivots on the hip joint 


(the fulcrum), the quadriceps muscle of the anterior thigh elevates 
the tibia like the wheelbarrow handles, and the resistanee is the 
weight of the ehild or of the thigh itself. 

In a third-elass lever (fig. 10.7c), the effort is applied between 
the fulcrum and resistanee (FER). For example, in paddling a 
eanoe, the relatively stationary grip at the upper end of the paddle 
is the fulcrum, the effort is applied to the middle of the shaft, and 
the resistanee is produced by the water against the blade. Most 
musculoskeletal levers are third-elass. The forearm aets as a third- 
elass lever when you flex your elbow. The fulcrum is the joint 
between the ulna and humerus; the effort is applied by the braehia- 
lis and bieeps braehii muscles; and the resistanee ean be provided 
by any weight in the hand or the weight of the forearm itself. The 
mandible aets as a third-elass lever when you elose your mouth 
to bite off a pieee of food. The temporomandibular joint is the 
fulcrum, the temporalis muscle exerts the effort at the eoronoid 
proeess of the mandible, and the resistanee is supplied by the item 
of food being bitten. 



Apply What You Know 

Sit on the edge of a desk with your feet off the floor. Plantarflex 
your foot. Where is the effort? Where is the fulcrum? (Name the 
speeifie joint, based on ehapter 9.) Where is the resistanee? 
Which elass of lever does the foot represent in plantar flexion? 
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(a) First-elass lever 



(b) Seeond-elass lever 



F 


Figure 10.7 The Three eiasses of Levers. Left: The lever elasses defined by the relative positions of the resistanee (load), fulcrum, and effort. 
Center: Meehanieal examples. Right: Anatomieal examples. (a) Muscles at the baek of the neek pull down on the oeeipital bone to oppose the 
tendeney of the head to tip forward. The fulcrum is the oeeipital eondyles. (b) In a sitting position, the quadriceps muscle of the anterior thigh 
elevates the leg. The fulcrum is the hip joint. (e) In flexing the elbow, the bieeps braehii exerts an effort on the radius. Resistanee is provided by 
the weight of the forearm or anything held in the hand. The fulcrum is the elbowjoint. 
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Before You Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

5. Name the eonneetive tissue layers of a muscle beginning 
vvith the individual muscle fiber and ending vvith the tissue 
that separates the muscles from the skin. 

6. Sketeh the faseiele arrangements that define a fusiform, 
parallel, eonvergent, pennate, and circular muscle. 

7. Define the aetion of a muscle. 

8. Distinguish betvveen a prime mover, synergist, antagonist, 
and fixator. 

9. What is the differenee betvveen intrinsie and extrinsic mus- 
eles that eontrol the fingers? 

10. What is the prineipal benefit of a joint aetion vvith a 

meehanieal advantage less than 1.0? What is the prineipal 
benefitofajointaetion vvith a meehanieal advantagegreater 
than 1.0? 

11. Define a first-, seeond-, and third-elass lever and give an 
example of eaeh in the musculoskeletal system. 



Mieroseopie Anatomy 
of Skeletal Muscle 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the ultrastructure of a muscle fiber and its 
myofilaments; 

b. explain what accounts for the striations of skeletal muscle; 
e. deseribe the relationship of a nerve fiber to a muscle fìber; 

d. define a motor unit and discuss its functional signifieanee; and 

e. deseribe the blood supply to a skeletal muscle. 


Ultrastructure of Muscle Fibers 

In order to understand muscle function, you must know how the 
organelles and macromolecules of a muscle fiber are arranged. 
Perhaps more than any other eell, a muscle fiber exemplifies the 
adage, form follows function. It has a complex, tightly organized 
internal structure in which even the spatial arrangement of protein 
molecules is elosely tied to its eontraetile function (fig. 10.8). 


Figure 10.8 Structure of a Skeletal Muscle Fiber. This is a single 
eell eontaining 11 myofibrils (9 shown at the left and 2 cut off at 
midfiber). A few myofilaments are shown projeeting from the myofibril 
at the left. Their finer structure is shown in figure 10.9. 

Why is it important for the transverse tubule to be so elosely 
assoeiated vvith the terminal eisternae? 
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The plasma membrane is ealled the sareolemma and the 
eytoplasm is ealled the sareoplasm. The sareoplasm is occupied 
mainly by any where from several dozen to a thousand or more long 
protein bundles ealled myofibrils, eaeh about 1 pm in diameter. It 
also eontains an abundance of glyeogen, a starehlike earbohydrate 
that provides energy for the eell during periods of heightened 
exercise, and the red pigment myoglobin, which provides some of 
the oxygen needed for muscular aetivity. 

Muscle fibers have numerous flattened or sausage-shaped 
nuclei pressed against the inside of the sareolemma. This unusual 
multinuclear eondition results from the embryonie development of 
the muscle fiber, as we will see near the end of this ehapter. Most 
other organelles of the eell, such as mitoehondria, are paeked into 
the spaees between the myofibrils. The smooth endoplasmie reticu- 
lum, here ealled the sareoplasmie reticulum (SR), forms a network 
around eaeh myofibril (the blue web in fig. 10.8). It periodieally 
exhibits dilated end saes ealled terminal eisternae, which eross 
the muscle fiber from one side to the other. The sareolemma 
turns inward at many points to form tunnels ealled transverse (T) 
tubules, which penetrate through the eell and emerge on the other 
side. Eaeh T tubule is intimately assoeiated with two terminal eis- 
ternae, which run alongside it. The T tubule earries eleetrieal sig- 
nals from the eell surface into the interior and induces gates in 
the SR membrane to open. The SR is a reservoir of calcium ions 
(Ca 2+ ). On eommand, it opens the gates and releases a flood of 
Ca 2+ into the eytosol, and the Ca 2+ aetivates muscle eontraetion. 

Myofilaments 

Eaeh myofibril is eomposed of parallel protein mierofilaments 
ealled myofilaments. The key to muscle eontraetion lies in the 
arrangement and aetion of these myofilaments, so we must examine 
these at a molecular level. There are three kinds of myofilaments: 

1. Thiek filaments (fig. 10.9a, b) are about 15 nm in diameter. 
Eaeh is made of several hundred molecules of a protein 
ealled myosin. A myosin molecule is shaped like a golf 
club, with two ehains that intertwine to form a shaftlike tail 
and a double globular head projeeting from it at an angle. A 
thiek filament may be likened to a bundle of 200 to 500 such 
“golf clubs,” with their heads direeted outward in a helieal 
array around the bundle. The heads on one half of the thiek 
filament angle to the left, and the heads on the other half 
angle to the right; in the middle is a bare zone with no heads. 

2. Thin filaments (fig. 10.9c, d), 7 nm in diameter, are eomposed 
primarily of two intertwined strands of a protein ealled fibrous (F) 
aetin. Eaeh F aetin is like a bead neeklaee, eonsisting of a string of 
subunits ealled globular (G) aetin. Eaeh G aetin has an aetive site 
that ean bind to the head of a myosin molecule (see fig. 10.14). 

A thin filament also has 40 to 60 molecules of yet another 
protein ealled tropomyosin. When a muscle fiber is relaxed, 
tropomyosin bloeks the aetive sites of aetin and prevents myosin 
from binding to them. Eaeh tropomyosin molecule, in turn, has 
a smaller calcium-binding protein ealled troponin bound to it. 


u sarco = flesh, muscle; lemma = husk 



(a) Myosin molecule 


Myosin head 



(b) Thiek filament 



(e) Thin filament 


Thiek filament 

Thin filament 



(d) Portion of a sareomere showing the overlap 
of thiek and thin filaments 

Figure 10.9 Molecular Structure of Thiek and Thin Filaments. 

(a) A single myosin molecule eonsists of two intertwined proteins 
forming a filamentous tail and a double globular head. (b) A 
thiek filament eonsists of 200 to 500 myosin molecules bundled 
together with the heads projeeting outward in a helieal array. 

(e) A thin filament eonsists of two intertwined ehains of G aetin 
molecules, smaller filamentous tropomyosin molecules, and 
a calcium-binding protein ealled troponin assoeiated with the 
tropomyosin. (d) A region of overlap between the thiek and thin 
myofilaments. 
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3. Elastie filaments (fig. lO.lOb), 1 nm in diameter, are made 
of a huge springy protein ealled titin 13 (eonneetin). They 
mn through the eore of eaeh thiek filament and anehor it to 
structures ealled the Z dises at one end and M line at the other. 
This stabilizes the thiek filament, eenters it between the thin 
filaments, prevents overstretehing, and contributes to elastie 
reeoil when the muscle relaxes. 


Myosin and aetin are ealled eontraetile proteins because they 
do the work of shortening the muscle fiber. Tropomyosin and 
troponin are ealled the regulatory proteins because they aet like a 
switch to determine when the fiber ean eontraet and when it eannot. 

At least seven other aeeessory proteins occur in the thiek and 
thin filaments or are assoeiated with them. They anehor the myofila- 
ments, regulate their length, and keep them aligned with eaeh other 
for optimal eontraetile effeetiveness. The most elinieally important 
of these is dystrophin, an enormous protein loeated just under the 
sareolemma in the vieinity of eaeh I band of the striations deseribed 
in the next seetion. It links the aetin filaments to transmembrane 
proteins in the sareolemma. These, in turn, are linked to proteins 
immediately extemal to the muscle fiber and ultimately to the endo- 
mysium. Thus, it is dystrophin that links the shortening of eompo- 
nents within the fiber to a meehanieal pull on the eonneetive tissue 


13 í/f = giant; in = protein 


external to the muscle fiber. Genetie defeets in dystrophin are respon- 
sible for the disabling disease, muscular dystrophy (see p. 259). 

Striations and Sareomeres 

Myosin and aetin are not unique to muscle; these proteins occur in 
all eells, where they function in cellular motility, mitosis, and trans- 
port of intracellular materials. In skeletal and eardiae muscle they are 
espeeially abundant, however, and are organized into a preeise array 
that accounts for the striations of these two muscle types (fig. 10.10). 

Striated muscle has dark A bands alternating with lighter 
I bands. (A stands for anisotropie and I for isotropie, which refer to 
the way these bands affeet polarized light. To help remember which 
band is which, think “dArk” and “llght.”) Eaeh A band eonsists of 
thiek filaments lying side by side. Part of the A band, where thiek 
and thin filaments overlap, is espeeially dark. In this region, eaeh 
thiek filament is surrounded by six thin filaments arranged in an 
orderly hexagon. In the middle of the A band, there is a lighter region 
ealled the H band, 14 into which the thin filaments do not reaeh. A 
dark M line in the middle of the H band is a region in which the 
thiek filaments are anehored to a protein that erosses the myofibril. 

Eaeh light I band is biseeted by a dark, narrow, eoin-shaped 
Z dise 15 (Z line), which provides anehorage for the thin filaments 


14 H = helle = bright (German) 

15 Z = Zwischenscheibe = between dise (German) 
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Figure 10.10 Muscle Striations and Their Molecular Basis. (a) Five myofibrils of a single muscle fiber, showing the striations in the relaxed state 
(TEM). (b) The overlapping pattern of thiek and thin myofilaments that accounts for the striations seen in part (a). AP R 
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and elastie filaments. Eaeh segment of a myofibril from one Z dise 
to the next is ealled a sareomere 16 (SAR-eo-meer), the functional 
eontraetile unit of the muscle fiber. A muscle shortens because its 
individual sareomeres shorten and pull the Z dises eloser to eaeh 

16 sorco = muscle; mere = part, segment 


other, and dystrophin and the linking proteins pull on the extracel- 
lular proteins of the muscle. 

Table 10.1 reviews the organization of skeletal muscle at suc- 
eessive structural levels from the whole muscle to the molecular 
myofilaments. 


TABLE 10.1 


The Structural Hierarehy of a Skeletal Muscle 


Structural Level 

Muscle 


Muscle Muscle fibers 


Faseieles 



Deseription 

A eontraetile organ, usually attaehed to bones by way of tendons, 
eomposed of bundles (faseieles) oftightly paeked, long, parallel eells 
(muscle fibers). Supplied with nerves and blood vessels and enelosed in a 
fibrous epimysium separating it from neighboring muscles. 


Epimysium Perimysium 


Faseiele 


Muscle fibers 



Perimysium 


A bundle of muscle fibers within a muscle. Supplied by nerves and 
blood vessels and enelosed in a fibrous perimysium separating it from 
neighboring faseieles. 


Muscle Fiber 


Myofibril 


Sareomere 


Myofilaments 




T tubule 


Z dise 


Myofilaments: 

Thiek 
Thin 


Sareoplasmie 
reticulum 


Sareomere 



Z-dise 


Thin filament 



Z-dise 



Thiek filament Thin filament 


A single muscle eell. Slender, elongated, threadlike, enelosed in a plasma 
membrane (sareolemma). Contains densely paeked bundles (myofibrils) 
of eontraetile protein filaments, multiple nuclei immediately beneath 
the sareolemma, and an extensive network of speeialized smooth 
endoplasmie reticulum (sareoplasmie reticulum). Enelosed in a thin fibrous 
sleeve ealled endomysium. 


A bundle of protein myofilaments within a muscle fiber. Myofibrils fill 
most of the eytoplasm. Eaeh surrounded by sareoplasmie reticulum and 
mitoehondria. Has a banded (striated) appearanee due to orderly overlap 
of protein myofilaments. 


A segment of myofibril from one Z dise to the next in the fiber’s striation 
pattern. Hundreds of end-to-end sareomeres eompose a myofibril. The 
functional, eontraetile unit of the muscle fiber. 


Fibrous protein strands that earry out the eontraetion proeess. Two types: 
thiek filaments eomposed mainly of myosin, and thin filaments eomposed 
mainly of aetin. Thiek and thin filaments slide over eaeh other to shorten 
eaeh sareomere. Shortening of end-to-end sareomeres shortens the entire 
muscle. 
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The Nerve-Muscle Relationship 

Skeletal muscle never eontraets unless it is stimulated by a nerve 
(or artifieially with eleetrodes). If its nerve eonneetions are sev- 
ered or poisoned, a muscle is paralyzed. Thus, muscle eontraetion 
eannot be understood without first understanding the relationship 
between nerve and muscle eells. Any point where a nerve fiber 
meets and stimulates another eell is ealled a synapse (SIN-aps). 
The other eell ean be another neuron, a gland eell, a muscle eell, or 
other type of eell. The heart of the nerve-muscle relationship is the 
synapse formed by a nerve eell and a skeletal muscle fiber. 


Motor Neurons 

Skeletal muscles are innervated by nerve eells ealled somatie 
motor neurons (see fig. 3.24, p. 72). The eell bodies of these 
neurons lie in the brainstem and spinal eord; their axons, ealled 
somatie motor fibers, lead to the skeletal muscles. At its distal 
end, eaeh somatie motor fiber branehes out to innervate a number 
of muscle fibers, but any given muscle fiber is supplied by only 
one motor neuron. 


ealled the neuromuscular junction (NMJ), or motor end plate 

(fig. 10.11). Eaeh terminal braneh of the nerve fiber within the 
NMJ forms a synapse with the muscle fiber. The sareolemma of 
the NMJ is irregularly indented, a little like a handprint pressed 
into soft elay. If you imagine the nerve fiber to be like your fore- 
arm and your hand to be spread out in this handprint, the individual 
synapses would be like the points where your fingertips eontaet the 
elay. Thus, one nerve fiber stimulates the muscle fiber at several 
points within eaeh NMJ. 

At eaeh synapse, the nerve fiber ends with a bulbous swell- 
ing ealled a presynaptie terminal. The terminal doesn’t direetly 
touch the muscle fiber, but is separated from it by a narrow spaee 
ealled the synaptie eleft, about 60 to 100 nm wide (seareely wider 
than the thiekness of one plasma membrane). A third eell, ealled a 
Schwann eell, envelops the entire junction and isolates it from the 
surrounding tissue fluid. 


The Neuromuscular Junction 

As a nerve fiber approaehes an individual muscle fiber, it branehes 
again to establish several points of eontaet within an ovoid region 
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Figure 10.11 Innervation of Skeletal Muscle. (a) Neuromuscular junctions, with muscle fibers slightly teased apart (LM; eompare the SEM on 
page 235). (b) Structure of a single neuromuscular junction. 
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The presynaptie terminal eontains spheroid organelles ealled 
synaptie vesieles, which are filled with a ehemieal ealled 
aeetyleholine (ACh) (ASS-eh-till-CO-leen). When a nerve signal 
arrives at the terminal, some of these vesieles release their ACh 
by exocytosis. ACh diffuses aeross the synaptie eleft and binds 
to membrane proteins ealled ACh reeeptors on the sareolemma. 
These reeeptors respond to ACh by initiating eleetrieal events that 
lead to muscle eontraetion. The sareolemma has infoldings ealled 
j unctional folds that inerease the membrane surface area and allow 
for more ACh reeeptors, and thus more sensitivity of the muscle 
fiber to nervous stimulation. 


The entire muscle fiber is surrounded by a basal lamina, a 
thin layer eomposed partly of eollagen and glyeoproteins, which 
separates it from the surrounding eonneetive tissue. The basal 
lamina passes through the synaptie eleft and virtually fills it, 
and eovers the Schwann eell of the neuromuscular junction. An 
enzyme ealled aeetyleholinesterase (AChE) (ASS-eh-till-CO- 
lin-ESS-ter-ase) is found in both the sareolemma and basal lam- 
ina. It breaks down ACh after the ACh has stimulated the muscle 
eell; thus, it is important in turning off muscle eontraetion (see 
Deeper Insight 10.2). 



Neuromuscular Toxins and Paralysis 

Toxins that interfere with synaptie function ean paralyze the mus- 
eles. Organophosphate pestieides such as malathion eontain 
eholinesterase inhibitors that bind to AChE and prevent it from 
degrading ACh. Depending on the dose, this ean prolong the 
aetion of ACh and produce spastie paralysis, a state in which the 
muscles eontraet and eannot relax. Oinieally, this is ealled a eho- 
linergie erisis. It poses the danger of suffocation if it affeets the 
laryngeal and respiratory muscles. Tetanus (lockjaw) is a form of 
spastie paralysis caused by thetoxin of a soil bacterium, Oostrid- 
ium tetani. In the spinal eord, a ehemieal ealled glyeine normally 
stops motor neurons from producing unwanted rrmsele eontrae- 
tions. The tetanus toxin bloeks glyeine release and thus causes 
overstimulation and spastie paralysis of the muscles. 

Flaeeid paraiysis is a state in which the muscles are limp 
and eannot eontraet. This too ean cause respiratory arrest if it 
affeets the thoraeie muscles. Flaeeid paralysis ean be caused by 
poisons such as curare (cue-RAH-ree), which eompetes with ACh 
for reeeptor sites but does not stimulate the muscle. Curare is 
extracted from eertain plants and used by some South Ameriean 
natives to poison blowgun darts. It has been used to treat muscle 
spasms in some neurological disorders and to relax abdomi- 
nal muscles for surgery, but other muscle relaxants have now 
replaeed curare for most purposes. 

Botulism is a type of food poisoning caused by a neuromus- 
cular toxin seereted by the bacterium Clostridium botulinum. 
Botulinum toxin bloeks the release of ACh and causes flaeeid 
muscle paralysis. Purified botulinum toxin was approved by the 
U.S. Food and Drug Administration (FDA) in 2002 for eosmeti- 
eally treating “frown lines” caused by muscle tautness between 
the eyebrows. Marketed as Botox Cosmetic (a preseription drug 
despite the name), it is injeeted in small doses into speeifie faeial 
muscles. The wrinkles gradually disappear as flaeeid paralysis 
sets in over the next few hours. The effeet lasts about 4 months 
until the muscles retighten and the wrinkles return. Botox treat- 
ment has beeome the fastest-growing eosmetie medieal proee- 
dure in the LJnited States, with many people going for treatment 
every few months in their quest for a youthful appearanee. It has 
begun to have some undesirable consequences, however, as it 
is sometimes administered by unqualified praetitioners. Even 
some qualified physieians use it for treatments not yet approved 
by the FDA, and some host festive “Botox parties” for treatment 
of patients in assembly-line fashion. 


The Motor Unit 

When a nerve signal approaehes the end of an axon, it spreads out 
over all of its terminal branehes and stimulates all muscle fibers 
supplied by them. These muscle fibers therefore eontraet in uni- 
son. Sinee they behave as a single functional unit, one nerve fiber 
and all the muscle fibers innervated by it are ealled a motor unit. 
The muscle fibers of a single motor unit are not clustered together 
but are dispersed throughout a muscle (fig. 10.12). Thus, when 
they are stirmrlated, they cause a weak eontraetion over a wide 
area—not just a loealized twitch in one small region. Effeetive 
muscle eontraetion usually requires the aetivation of several motor 
units at onee. 

On average, there are about 200 rmrsele fibers per motor neu- 
ron. But where fine eontrol is needed, we have small motor nnits. 
In the muscles of eye movement, for example, there are about 
3 to 6 muscle fibers per nerve fiber. Small motor units are not 
very strong, but they provide the fine degree of eontrol needed 
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Figure 10.12 Motor Units. A motor unit eonsists of one motor 
neuron and all skeletal muscle fibers that it innervates. Two motor units 
here are represented by the red and blue nerve and muscle fibers. 
Note that the muscle fibers of a motor unit are not clustered together, 
but distributed throughout the muscle and eommingled with the fibers 
of other motor units. 
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for subtle movements. They also have small neurons that are eas- 
ily stimulated. Where strength is more important than fine eon- 
trol, we have large motor units. The gastrocnemius muscle of 
the ealf, for example, has about 1,000 muscle fibers per nerve 
fiber. Large motor units are much stronger, but have larger neu- 
rons that are harder to stimulate, and they do not produce such 
fine eontrol. 

One advantage of having multiple motor units in a muscle is 
that they are able to “work in shifts.” Muscle fibers fatigue when 
subjected to continual stimulation. If all of the fibers in one of 
your postural muscles fatigued at onee, for example, you might 
eollapse. To prevent this, other motor units take over while the 
fatigued ones rest, and the muscle as a whole ean sustain long- 
term eontraetion. Another advantage is that the strength of muscle 
eontraetion ean be varied by aetivating more or fewer motor units. 

The Blood Supply 

The muscular system as a whole reeeives about 1.25 L of blood per 
minute at rest—which is about one-quarter of the blood pumped 
by the heart. During heavy exercise, total eardiae output rises, 
and the muscular system’s share of it is more than three-quarters, 
or 11.6 L/min. Working muscle has a great demand for glucose 
and oxygen. Blood eapillaries ramify through the endomysium 
to reaeh every muscle fiber, sometimes so intimately assoeiated 
with the muscle fibers that the fibers have surface indentations to 
aeeommodate them. The eapillaries of skeletal muscle undulate 
or eoil when the muscle is eontraeted (fig. 10.13), allowing them 
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Figure 10.13 A Polymer Cast of the Blood Vessels in a Contracted 
Skeletal Muscle. 


enough slaek to streteh out straight, without breaking, when the 
muscle lengthens. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

12. What speeial terms are given to the plasma membrane, 

eytoplasm, and smooth ER of a muscle eell? 

13. Name the proteins that eompose the thiek and thin 

filaments of a muscle fiber and deseribe their structural 
arrangement. 

14. Define soreomere. Deseribe the striations of a sareomere 

and sketeh the arrangement of thiek and thin filaments that 
accounts for the striations. 

15. Deseribe the role of a presynaptie terminal, synaptie ves- 

ieles, synaptie eleft, and aeetyleholine in neuromuscular 
function. 

16. What is a motor unit? How do large and small motor units 

differ functionally? 

17. Why is it importantthatthe blood eapillaries of a eontraeted 

muscle have an undulating or eoiled arrangement? 




Relating Structure 
to Function 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. explain how a muscle fiber eontraets and relaxes, and 
relate this to its ultrastructure; 

b. deseribe how muscle grows and shrinks with use and 
disuse; and 

e. discuss two physiologieal eategories of muscle fibers 
and their respeetive advantages. 


Contraction and Relaxation 

We noted earlier that a muscle fiber epitomizes the essential 
unity of form and function. Having examined the structure of 
a muscle fiber down to its molecular details, our task would 
be ineomplete if we didn’t ask ourselves what all of this is for. 
Why are all the molecules and organelles of the muscle fiber 
so elosely paeked and in such a preeisely organized way? To 
answer that, we’ll look briefly at the essential aspeets of muscle 
eontraetion and relaxation. These form a eyele of events with 
four main phases: 
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1. Excitation, in which a nerve fiber releases ACh, ACh excites 
the muscle fiber, and a wave of eleetrieal excitation spreads 
into the sareoplasm by way of the T tubules. 

2. Excitation-contraction coupling, eonsisting of events 
that link this eleetrieal stimulus to the onset of muscle 
tension. Excitation of the T tubules induces the sareoplasmie 
reticulum (SR) to release calcium ions, and calcium elears the 
way for the myosin of the thiek filaments to bind to the aetin 
of the thin filaments. 

3. Contraction, in which the myosin heads repeatedly attaeh 
to the thin filaments and pull on them, causing the thin 
filaments to slide aeross the thiek filaments and shorten 
the eell. 

4. Relaxation, in which nerve signaling eeases, myosin is onee 
again bloeked from binding to aetin, and muscle tension 
subsides. 

Figure 10.14 shows a few of the finer steps of this proeess, 
numbered to eorrespond to the following deseription. 

Excitation 

A nerve signal arrives at the presynaptie terminal. 

The synaptie vesieles release ACh, which diffuses 
aeross the synaptie eleft and binds to reeeptors on the 
sareolemma of the muscle fiber. This opens ion gates 
in the sareolemma, resulting in sodium and potassium 
movements through the membrane that eleetrieally excite 
the muscle fiber. 

A self-propagating wave of excitation spreads down the 
length of the fiber and into the T tubules. 





Excitation-Contraction Coupling 

(í) Eleetrieal events in the T tubule lead to the opening of 
ealemm gates in the sareoplasmie reticulum. The SR 
releases a flood of calcium ions into the eytosol. 


Contraction 

(7j) Myosin forms a link, or eross-bridge, with one of the aetive 
sites of aetin, and releases the ADP and P^. 

($3) Myosin flexes and tugs on the thin filament, like flexing 
your elbow to pull in the rope of a boat anehor, and the thin 
filament slides a short distanee along the thiek filament. 
This movement is ealled the power stroke. Myosin binds 
a new ATP, lets go of the thin filament, breaks down the 
ATP, and reeoeks; this is the reeovery stroke. Whenever 
one myosin head lets go of the thin filament, other myosin 
heads hold on, so the thin filament is never entirely released 
as long as the muscle is eontraeting. The myosin heads take 
turns pulling on the aetin filament and letting go. 


Steps 6 through 8 occur repeatedly. The overall effeet is that 
the thin filament slides smoothly alongside the thiek filament; this 
model of muscle eontraetion is therefore ealled the sliding fila- 
ment theory. No myofilaments get shorter during eontraetion— 
they merely slide aeross eaeh other. Sinee the thin filaments are 
eonneeted through dystrophin to the sareolemma and ultimately to 
the extracellular eonneetive tissue, their sliding shortens the entire 
eell and its endomysium. If all the myosin heads in a muscle fiber 
executed a single eyele of power and reeovery strokes, the muscle 
fiber would shorten about 1%. Through repetition of the proeess, 
however, a fiber ean shorten by as much as 40%. 


Relaxation 

The first step needed to make a muscle fiber relax is to stop 
stimulating it. The motor neuron stops firing and releasing 
ACh, so the muscle fiber is no longer eleetrieally excited. 

10) The sareoplasmie reticulum reabsorbs the calcium ions and 
stores them until the next time the muscle is stimulated. 
Without calcium, troponin moves baek into the position 
that bloeks the aetive sites and prevents myosin-aetin 
eross-bridges from forming. Thus, the muscle ean no longer 
maintain tension. It relaxes, and the aetion of gravity or an 
antagonistie muscle at the same joint stretehes it baek to its 
resting length. 



5 ) Calcium ions bind to troponin molecules in the thin 
myofilaments. Troponin induces the long tropomyosin 
molecule to shift position, sinking into the groove between 
the two F aetin filaments and exposing the aetive sites on 
the G aetin. 



Meanwhile, myosin has been “waiting” in a flexed position, 
like a bent elbow, with a molecule of ATP bound to its 
head. The head eontains an enzyme ealled myosin ATPase, 
which breaks down ATP into adenosine diphosphate 
(ADP) and an inorganie phosphate group (P^). The energy 
liberated by this reaetion straightens the myosin head into 
an extended, high-energy “eoeked” position. 


Apply What You Know 

Diiring muscle eontraetion, which band(s) of the muscle 
striations would you expect to beeome narrower or disappear? 
Which would remain the same width as in relaxed muscle? 
Explain. 


Muscle Growth and Atrophy 

It is eommon knowledge that muscles grow larger when exercised 
and shrink when they are not used. This is the basis for resistanee 
exercises such as weight lifting. And yet, skeletal muscle fibers are 
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Figure 10.14 The Prineipal 

Events in Muscle Contraction and 
Relaxation. Steps 1 to 3 are the 
excitation phase; steps 4 to 6 are 
excitation-contraction coupling; 
eontraetion entails several repetitions 
of steps 6 to 8; and steps 9 to 10 are 
relaxation. See the eorresponding 
numbers on page 251 for 
explanations of eaeh step. 
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ineapable of mitosis. We have about the same number of muscle 
fibers in adulthood as we do in late ehildhood. How, then, does a 
muscle grow? 

Exercise stimulates the muscle fiber to produce more protein 
myofilaments. As a result, the myofibrils grow thieker. At a 
eertain point, a large myofibril splits longitudinally, so a well- 
eonditioned muscle has more myofibrils per muscle fiber than 
does a weakly eonditioned one. The entire muscle grows in bulk 
(thiekness), not by the mitosis of existing eells (hyperplasia), 
but by the enlargement of eells that have existed sinee ehildhood 
(hypertrophy). Some authorities, however, think that entire 
muscle fibers (not just their myofibrils) may split longitudinally 
when they reaeh a eertain size, thus giving rise to an inerease 
in the number of fibers—not by mitosis but by a proeess more 
akin to tearing. Well-exercised muscles also develop more mito- 
ehondria, more myoglobin and glyeogen, and a greater density 
of blood eapillaries. 

When a muscle is not used, it shrinks (atrophies). This ean 
result from spinal eord injuries or other injuries that sever the 
nerve eonneetions to a muscle (denervation atrophy), from laek 
of exercise (disuse atrophy), or from aging (seneseenee atrophy). 
The shrinkage of a limb that has been in a east for several weeks is 
a good example of disuse atrophy. Muscle quickly regrows when 
exercise resumes, but if the atrophy beeomes too advaneed, muscle 
fibers die and are not replaeed. Physieal therapy is therefore impor- 
tant for maintaining muscle mass in people who are unable to use 
the muscles voluntarily. 

Physiologieal dasses of Muscle Fibers 

Not all muscle fibers are metabolieally alike or adapted to perform 
the same task. Some respond slowly but are relatively resistant to 
fatigue, while others respond more quickly but also fatigue quickly. 
Eaeh primary type of fiber goes by several names. Table 10.2 sum- 
marizes their differenees. 

• Slow oxidative (SO), slow-twitch, red, or type I fibers. 

These fibers have relatively abundant mitoehondria, myo- 
globin, and blood eapillaries, and therefore a relatively 
deep red eolor. They are well adapted to aerobie respira- 
tion and do not fatigue easily. However, in response to 
a single stimulus, they exhibit a relatively long twitch, 
or eontraetion, lasting about 100 milliseeonds (ms). The 
soleus muscle of the ealf and the postural muscles of the 
baek are eomposed mainly of these slow-twitch, fatigue- 
resistant fibers. 

• Fast glyeolytie (FG), fast-twitch, white, or type II fibers. 

These fibers are rieh in enzymes for anaerobie fermentation, 
a proeess independent of oxygen. They respond quickly, 
with twitches as short as 7.5 ms, but fatigue more easily 
than SO fibers. They are poorer in mitoehondria, myoglobin, 
and blood eapillaries than SO fibers, so they are relatively 
pale (henee the expression white fibers). They are well 
adapted for quick responses but not for endurance. Thus, 
they are espeeially important in sports such as basketball 
that require stop-and-go aetivity and frequent ehanges of 
paee. The gastrocnemius muscle of the ealf, bieeps braehii 


TABLE 10.2 i 

dassifieation of Skeletal Muscle Fibers 

Properties 

Slow Oxidative 
Fibers 

Fast Glyeolytie 

Fibers 

Twitch duration 

As long as 100 ms 

As short as 7.5 ms 

Relative diameter 

Smaller 

Larger 

ATP synthesis 

Aerobie 

Anaerobie 

Fatigue resistanee 

Good 

Poor 

ATP hydrolysis 

Slow 

Fast 

Glyeolysis 

Moderate 

Fast 

Myoglobin eontent 

Abundant 

Low 

Glyeogen eontent 

Low 

Abundant 

Mitoehondria 

Abundant and large 

Fewer and smaller 

Capillaries 

Abundant 

Fewer 

Color 

Red 

White, pale 

Representative Muscles in Which Fiber Type Is Predominant 


Soleus 

Gastrocnemius 


Ereetor spinae 

Bieeps braehii 


Quadratus 

lumborum 

Muscles of eye 
movement 


of the arm, and the muscles of eye movement eonsist mainly 
of FG fibers. 


Some authorities reeognize two subtypes of FG fibers ealled 
types IIA and IIB. Type IIB is the eommon type just deseribed, 
whereas IIA, or intermediate fibers, eombine fast-twitch re- 
sponses with aerobie fatigue-resistant metabolism. Type IIA fibers, 
however, are relatively rare except in some endurance-trained 
athletes. 

Nearly all muscles are eomposed of both SO and FG fibers, 
but the proportions of these fiber types differ from one muscle 
to another. Muscles eomposed mainly of SO fibers are ealled 
red muscles and those eomposed mainly of FG fibers are ealled 
white muscles. People with different types and levels of physieal 
aetivity differ in the proportion of one fiber type to another even 
in the same muscle, such as the quadriceps femoris (table 10.3). 
It is thought that people are born with a genetie predisposition 
for a eertain ratio of fiber types. Those who go into eompetitive 
sports diseover the sports at which they ean excel and gravi- 
tate toward those for which heredity has best equipped them. 
One person might be a “born sprinter” and another a “born 
marathoner.” 

We noted earlier that sometimes two or more muscles aet aeross 
the same joint and superficially seem to have the same function. 
We have already seen why such muscles are not as redundant as 
they seem, such as differenees in meehanieal advantage. Another 
reason is that they may differ in the proportion of SO to FG fibers. 
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TABLE 10.3 Proportion of Slow Oxidative and Fast 

Glyeolytie Fibers in the Quadriceps 
Femoris of Male Athletes 


Sample 

Population 

Slow Oxidative 
(SO) 

Fast Glyeolytie 
(FG) 

Marathon runners 

82% 

18% 

Swimmers 

74 

26 

Average males 

45 

55 

Sprinters and 
jumpers 

37 

63 


For example, the gastrocnemius and soleus muscles of the ealf both 
insert on the calcaneus through the ealeaneal tendon, so they 
exert the same pull on the heel. The gastroenemms, however, is a 
predominantly fast glyeolytie muscle adapted for quick, powerful 
movements such as jmnping, whereas the soleus is a predominantly 
slow oxidative nrnsele that does most of the work in endurance 
exercises such as jogging and skiing. 


Before Yoii Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

18. What role does the sareoplasmie reticulum play in muscle 

eontraetion? What role does it play in rrmsele relaxation? 

19. Why does tropomyosin have to move before a muscle fiber 

ean eontraet? What makes it move? 

20. What role does ATP play in muscle eontraetion? 

21. What is the meehanism of muscle grovvth? Deseribe 

the grovvth proeess in muscle and distinguish it from 
hyperplasia. 

22. What are the basie functional differenees betvveen slovv 

oxidative and fast glyeolytie muscle fibers? 




Cardiac and 
Smooth Muscle 


Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe eardiae muscle tissue and eompare its 
structure and physiology to the other types; and 

b. deseribe smooth muscle tissue and eompare its 
structure and physiology to the other types. 


Cardiac and smooth muscle have speeial structural and physiologi- 
eal properties related to their distinetive functions. They also have 
eertain properties in eommon with eaeh other but different from 
those of skeletal muscle. 


Cardiac Muscle 

Cardiac muscle constitutes most of the heart. Its form and function 
are discussed extensively in ehapter 20 so that you will be able to 
relate these to the aetions of the heart. Here, we only briefly eom- 
pare it to skeletal and smooth muscle (table 10.4). 

Cardiac muscle is striated like skeletal muscle, but otherwise 
exhibits several differenees (fig. 10.15). Its eardioeytes (myo- 
eytes) are not long multinuclear fibers but short, stumpy, slightly 
branehed eells. Mieroseopieally, eardiae muscle exhibits ehar- 
aeteristie dark lines ealled interealated (in-TUR-kuh-LAY-ted) 
dises where the eells meet. These are steplike regions eontain- 
ing eleetrieal gap junctions that allow the eells to eomrmmieate 
with eaeh other, and various meehanieal junctions that prevent 
the eells from pulling apart when they eontraet (see details in 
ehapter 20). Eaeh myoeyte ean join several others at its interea- 
lated dises. 

Cardiocytes usually have only one, eentrally plaeed nucleus 
(oeeasionally two) (fig 10.16), often surrounded by glyeogen. 
Cardiac muscle is very rieh in glyeogen and myoglobin, and it has 
espeeially large mitoehondria that fill about 25% of the eell, eom- 
pared to smaller mitoehondria occupying about 2% of a skeletal 
muscle fiber. Cardiac muscle is therefore well adapted to aerobie 
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Figure 10.15 eardiae Muscle. 
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Figure 10.16 Smooth Muscle. EAFl Rj 
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TABLE 10.4 Comparison of Skeletal, Oardiae, and Smooth Muscle 


Feature 

Skeletal Muscle 

Cardiac Muscle 

Smooth Muscle 

Loeation 

Assoeiated with skeletal system 

Heart 

VValls of viseera and blood vessels, iris 
of eye, piloereetors of hair follieles 

Cell shape 

Long eylindrieal fibers 

Short branehed eells 

Fusiform eells 

Cell length 

100 pm-30 em 

50-100 pm 

30-200 pm 

Cell width 

10-500 pm 

10-20 \xm 

5-10 pm 

Striations 

Present 

Present 

Absent 

Nuclei 

Multiple nuclei, adjaeent to 
sareolemma 

Usually one nucleus, near middle of eell 

One nucleus, near middle of eell 

Connective tissues 

Endomysium, perimysium, 
epimysium 

Endomysium only 

Endomysium only 

Sareoplasmie reticulum 

Abundant 

Present 

Seanty 

T tubules 

Present, narrow 

Present, wide 

Absent 

Gap junctions 

Absent 

Present in interealated dises 

Present in single-unit smooth muscle 

Ca 2+ source 

Sareoplasmie reticulum 

Sareoplasmie reticulum and 
extracellular fluid 

Mainly extracellular fluid 

Innervation and eontrol 

Somatie motor fibers (voluntary) 

Autonomic fibers (involuntary) 

Autonomic fibers (involuntary) 

Nervous stimulation 
required? 

Yes 

No 

No 

Mode of tissue repair 

Limited regeneration, mostly 
fibrosis 

Limited regeneration, mostly fibrosis 

Relatively good eapaeity for 
regeneration by mitosis 


respiration and very resistant to fatigue, although it is highly vul- 
nerable to intermptions in its oxygen supply. The sareoplasmie 
reticulum is less developed than in skeletal muscle, but the T 
tubules are larger and admit calcium from the extracellular fluid. 
Cardiac myoeytes have little eapaeity for mitosis; the repair of 
damaged eardiae muscle is primarily by fibrosis. 

Cardiac muscle is innervated by the autonomic nervous sys- 
tem (ANS) rather than by somatie motor neurons. The ANS is a 
division of the nervous system that usually operates without one’s 
conscious awareness or eontrol. It does not generate the heartbeat, 
but it modulates the heart rate and eontraetion strength. The heart 
beats rhythmieally even without nervous stimulation; this prop- 
erty is ealled autorhythmicity. Eaeh beat is triggered by the heart’s 
paeemaker. 


Smooth Muscle 

Smooth muscle differs from skeletal muscle in several ways 
(table 10.4). It is named smooth because it has no striations, for a 
reason to be deseribed shortly. Its myoeytes are relatively small, 
allowing for fine eontrol of such tissues and organs as a single 
hair, the iris of the eye, and the tiniest arteries; yet in the pregnant 
uterus, the myoeytes beeome quite large and produce the powerful 
eontraetions of ehildbirth. 


Smooth muscle myoeytes have a fusiform shape, typieally 
about 5 to 10 pm wide at the middle, tapering to a point at eaeh 
end (fig. 10.16). There is only one nucleus, loeated near the 
middle of the eell. Thiek and thin myofilaments are present, 
but there are no striations, sareomeres, or myofibrils because 
the myofilaments are not bundled and aligned with eaeh 
other the way they are in striated muscle. Z dises are absent. 
In their plaee are protein plaques ealled dense bodies, some 
assoeiated with the inner faee of the plasma membrane and 
others dispersed throughout the sareoplasm. The membrane- 
assoeiated dense bodies of one eell are often direetly aeross 
from those of another, with linkages between them so that eon- 
traetile foree ean be transmitted from eell to eell. Assoeiated 
with the dense bodies is an extensive eytoskeletal network of 
intermediate filaments. The aetin thin filaments attaeh to the 
intermediate filaments as well as direetly to the dense bodies, 
so their movement (powered by myosin) is transferred to the 
sareolemma and shortens the eell. 

The sareoplasmie reticulum is seanty, and there are no T 
tubules. The calcium needed to aetivate smooth muscle eontrae- 
tion eomes mainly from the extracellular fluid by way of calcium 
ehannels, which are espeeially eoneentrated in little pits of the sar- 
eolemma ealled eaveolae. During relaxation, calcium is pumped 
baek out of the eell. 




256 


part t wo Support and Movement 


Smooth muscle does not form organs in itself, but usually forms 
layers in the walls of larger organs such as the stomaeh, intestines, 
uterus, and urinary bladder. In such eases, the muscle layer is 
quite variable in complexity. It ean eonsist of as little as one eell 
in small arteries. The esophagus and intestines have a thiek outer 
layer of longitudinal smooth muscle adjaeent to a deeper, thiek 
inner layer of circular muscle (fig. 10.17). When the longitudinal 
layer eontraets, it shortens and dilates the organ; when the circular 
layer eontraets, it eonstriets and lengthens the organ (like a roll of 
dough squeezed in your hands). In the stomaeh, urinary bladder, 
and uterus, it forms three or more layers with bundles of myoeytes 
mnning in multiple direetions. 

Smooth muscle often serves to propel the eontents of an organ, 
such as driving food through the digestive traet, voiding urine and 
feees, and expelling the infant in ehildbirth. By dilating or eon- 
strieting the blood vessels and airway, it ean modify the speed of 
air and blood flow, maintain blood pressure, and reroute blood 
from one pathway to another. In the iris of the eye, it regulates 
pupil diameter. Smooth muscle also forms the piloereetor muscles 
of the hair follieles. In such plaees as the digestive traet and ureters, 
it produces a wave of eontraetion ealled peristalsis, moving the 
eontents of a tubular organ from one end to the other. 

Smooth muscle is not always innervated, but when it is, the 
nerve supply is autonomic, like that of the heart. Autonomic 
nerve fibers do not form preeisely loealized neuromuscular junc- 
tions with the myoeytes. Rather, eaeh nerve fiber has as many 
as 20,000 periodie swellings ealled varieosities along its length 
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Figure 10.17 Layers of Viseeral Muscle in a Cross Seetion of 

the Esophagus. Many hollow organs have alternating circular and 
longitudinal layers of smooth muscle. 


(fig. 10.18). Eaeh varieosity eontains synaptie vesieles from 
which it releases neurotransmitters—usually norepinephrine 
from the sympathetie fibers and aeetyleholine from the parasym- 
pathetie fibers. 

There are two functional eategories of smooth muscle ealled 
multiunit and single-unit types (fig. 10.18). Multiunit smooth 
muscle occurs in some of the largest arteries and pulmonary air 
passages, in the piloereetor muscles of the hair follieles, and in 
the iris of the eye. Its innervation, although autonomic, is to some 
degree similar to that of skeletal muscle—eaeh varieosity is asso- 
eiated with a single myoeyte, and eaeh myoeyte eontraets indepen- 
dently of the others. 

Single-unit smooth muscle is more widespread. It occurs in 
most blood vessels and in the digestive, respiratory, urinary, and 
reproductive traets—thus, it is also ealled viseeral muscle. In this 
type, the varieosities are not assoeiated with speeifie myoeytes, 
but release a flood of neurotransmitters that stimulate multiple 
nearby myoeytes at onee. Eaeh myoeyte has neurotransmitter 
reeeptors seattered aeross its entire surface and may respond to 
several nearby nerve fibers. Furthermore, the myoeytes are eon- 
neeted to eaeh other by gap junctions. Thus, they direetly stimulate 
eaeh other and a large number of eells eontraet as a unit, almost as 
if they were a single eell. This is the reason that this muscle type 
is ealled single-unit. 
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Figure 10.18 Multiunit and Single-Unit Smooth Muscle. (a) Multiunit 

smooth muscle, in which eaeh muscle eell reeeives its own nerve supply 
and eontraets independently. (b) Single-unit smooth muscle, in which a 
nerve fiber passes through the tissue without synapsing with any speeifie 
muscle eell, and muscle eells are coupled by eleetrieal gap junctions. 
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Whether innervated or not, smooth muscle responds to a wide 
variety of stimuli and often without any eleetrieal excitation of the 
sareolemma. It responds not only to nerve fibers but also to other 
loeal ehemieals and streteh. Its metabolism is mostly aerobie, but 
it has a very low energy requirement eompared to skeletal and ear- 
diae muscle, so it is highly fatigue-resistant. This enables smooth 
muscle to maintain a state of continual, partial eontraetion ealled 
smooth muscle tone. This tone maintains blood pressure by keep- 
ing the blood vessels partially eonstrieted, and it prevents such 
organs as the stomaeh, intestines, urinary bladder, and uterus from 
beeoming flaeeid when empty. 

Unlike skeletal and eardiae muscle, smooth muscle is eapable 
of not only hypertrophy (cellular growth) but also mitosis and 
hyperplasia. Thus, an organ such as the pregnant uterus grows 
by the addition of new myoeytes as well as the enlargement of 
existing ones. Injured smooth muscle regenerates well thanks to 
its mitotie eapability. 

Table 10.4 eompares some properties of skeletal, eardiae, and 
smooth muscle. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

23. What organelles are more abundant and larger in eardiae 

muscle than in skeletal muscle? What is the functional sig- 
nifieanee of this? 

24. What organelle is less developed in eardiae muscle than 

in skeletal muscle? How does this affeet the aetivation of 
muscle eontraetion in the heart? 

25. What faetors make eardiae muscle more resistant to fatigue 

than skeletal muscle? What accounts for the relative fatigue 
resistanee of smooth muscle? 

26. How are single-unit and multiunit smooth muscle different? 

Which type is more abundant? 




Developmental and 
eiìnìeal Perspeetìves 


Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe how the three types of muscle develop in 
the embryo; 

b. deseribe the ehanges that occur in the muscular 
system in old age; 

e. discuss two muscle diseases, muscular dystrophy and 
myasthenia gravis; and 

d. briefly define and discuss several other disorders of the 
muscular system. 


Embryonie Development of Muscle 

Muscular tissue arises from embryonie mesoderm, with the 
exception of the piloereetor muscles and the muscles within the 
eye. As deseribed in ehapter 4, the mesoderm of the tmnk forms 
segmentally arranged bloeks of tissue ealled somites, which then 
divide into regions ealled the dermatomes, selerotomes, and 
myotomes. Beginning in week 4, some mesodermal eells migrate to 
the eenter of a somite and form the myotome, which will give rise 
to major axial muscles such as the ereetor spinae of the baek. Others 
migrate away from the somite to the limb buds and body wall, where 
they will give rise to limb, abdominal, thoraeie, and other muscles. 

In these loeations, the mesodermal eells elongate into spindle- 
shaped myoblasts 17 and rapidly multiply (fig. 10.19). Myoblasts 
fuse into long multinuclear masses ealled the primary myotubes, 
with the nuclei in a ehain down the eore. These myotubes, the 
future muscle fibers, attaeh at eaeh end to the developing tendons 
and skeleton. Internally, they begin assembling muscle proteins 
into sareomeres, starting at the periphery of the myotube and 
progressing inward. Nuclei migrate to the periphery as the eenter 
beeomes filled with myofibrils. Additional waves of myoblasts 
aggregate along the primary myotubes and form smaller seeondary 
and tertiary myotubes (sometimes more in larger muscles) that 
fuse with the primary myotube to thieken the fiber. 

By 9 weeks, most muscle groups are present, and nerve fibers 
have synapsed with the muscle fibers. The muscle fibers begin 
eontraeting in response to stimulation by week 10. By week 17, 
the eontraetions are strong enough to be felt by the mother. It was 
onee thought that the fetus first eomes alive at this time, so this 
stage of development is ealled quickening , 18 

Late in fetal development, additional myoblasts assoeiate 
with the muscle fiber and beeome satellite eells. These are stem 
eells that persist throughout life. Some of them fuse with growing 
muscle fibers and contribute nuclei to it through ehildhood, and 
satellite eells ean regenerate damaged skeletal muscle even in 
adults. The development of new muscle fibers by mitosis ends, 
aeeording to various estimates, from week 24 of gestation to 
1 year after birth. After that, all rmisele growth is by hypertrophy 
(enlargement of existing fibers) or longitudinal, nonmitotie 
splitting of large fibers. After age 25, the nrnnber of fibers in eaeh 
rmisele begins to deeline. 

Cardiac muscle develops in assoeiation with an embryonie 
heart tube deseribed in ehapter 20. Mesenehymal eells near 
the heart tube differentiate into myoblasts, and these proliferate 
mitotieally as they do in the development of skeletal muscle. But in 
eontrast to skeletal muscle development, the myoblasts do not fuse. 
They remain joined to eaeh other and develop interealated dises 
at their points of adhesion. The heart begins beating in week 3. 
Mitosis in eardiae myoeytes continues after birth and is aetive 
until about age 9, although there is now evidenee of limited mitotie 
eapability even in adults. There is understandable interest in being 
able to stimulate this proeess in hopes of promoting regeneration 
of eardiae muscle damaged by heart attaeks. 


v myo = muscle; blast = precursor 
18 quick = alive 
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Myoblasts migrate to sites of muscle formation, multiply, 
and fuse to form multinucleated primary myotubes. 
Myotubes begin producing sareomeres. 
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Seeondary myotube formation 

A new wave of myoblasts gather on the primary myotube (top) 
and fuse to form a smaller seeondary myotube (bottom), 
which later fuses with the primary myotube to add thiekness. 
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Smooth muscle develops similarly from myoblasts assoeiated 
with the embryonie gut, blood vessels, and other organs. As in 
eardiae muscle, these myoblasts never fuse with eaeh other, but 
in single-unit smooth muscle, they do beeome intereonneeted 
through gap junctions. 


The Aging Muscular System 

One of the most notieeable ehanges we experience with age 
is the loss of lean body mass (muscle) and accumulation of 
fat. The ehange is dramatieally exemplified by CT seans of 
the thigh. In a young well-conditioned male, muscle accounts 
for 90% of the eross-seetional area of the midthigh; in a frail 
90-year-old woman, it is only 30%. Muscular strength and mass 
peak in the 20s; by the age of 80, most people have only half as 
much strength and endurance. Many people over age 75 eannot 
lift a 4.5 kg (10-pound) weight with their arms; a simple task 
such as earrying a saek of groeeries into the house may beeome 
impossible. The loss of strength is a major contributor to falls, 
fractures, and dependenee on others for the routine aetivities 
of daily living. Fast glyeolytie (fast-twitch) fibers exhibit the 
earliest and most severe atrophy, thus inereasing reaetion time 
and reducing eoordination. 

There are multiple reasons for the loss of strength. Aged 
muscle fibers have fewer myofibrils, so they are smaller and 
weaker. The sareomeres are inereasingly disorganized, and muscle 
mitoehondria are smaller and have reduced quantities of oxidative 
enzymes. Aged muscle has less ATP, glyeogen, and myoglobin; 
consequently, it fatigues quickly. Muscles also exhibit more fat and 
fibrous tissue with age, which limits their movement and blood 
circulation. With reduced circulation, muscle injuries heal more 
slowly and with more sear tissue. 

But the weakness and easy fatigue of aged muscle also stem 
from the aging of other organ systems. There are fewer motor 
neurons in the spinal eord, and some muscle shrinkage may 
represent denervation atrophy. The remaining neurons produce less 
aeetyleholine and show less effieient synaptie transmission, which 
makes the muscles slower to respond to stimulation. As muscle 
atrophies, motor units have fewer muscle fibers per motor neuron, 
and more motor units must be reemited to perform a given task. 
Tasks that used to be easy, such as buttoning the elothes or eating a 
meal, take more time and effort. The sympathetie nervous system 
is also less effieient in old age, and less effeetive in inereasing 
the blood flow to the muscles during exercise. This contributes to 
reduced endurance. 

The muscles ean be signifieantly reeonditioned, however, 
even by exercise begun late in life. A person in his or her 90s ean 
inerease muscle strength two- or threefold in 6 months with as 
little as 40 minutes of exercise per week. 



Innervation and maturation 

A neuromuscular junction forms, myofibrils and sareomeres 
continue to be added, and a final wave of myoblasts form 
satellite eells that contribute to later muscle growth and repair 


Figure 10.19 Embryonie Development of Skeletal Muscle Fibers. 


Diseases of the Muscular System 

Diseases of muscular tissue are ealled myopathies. The muscular 
system suffers fewer diseases than any other organ system, but two 
of particular importanee are muscular dystrophy and myasthenia 
gravis. 
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Figure 10.20 Myasthenia Gravis (MG). The subject is told to gaze 
upward (top panel). Within 60 seeonds (middle panel) to 90 seeonds 
(bottom), there is obvious sagging of the left eyelid (ptosis) due to inability 
to sustain stimulation and eontraetion of the orbicularis oculi muscle. 

Muscular dystrophy 19 is a eolleetive term for several 
hereditary diseases in which the skeletal muscles degenerate, 
lose strength, and are gradually replaeed by fat and sear tissue. 
This new eonneetive tissue impedes blood circulation, which 
in turn aeeelerates muscle degeneration, ereating a fatal spiral 
of positive feedbaek. The most eommon form of the disease is 
Duchenne 20 muscular dystrophy (DMD), a sex-linked disease 


that occurs espeeially in males (about 1 in 3,500 live-born 
males). It results from a defeetive gene for dystrophin. In the 
absenee of dystrophin, the sareolemma tears and the muscle 
fiber dies. DMD is not evident at birth, but difficulties appear 
as a ehild begins to walk. The ehild falls frequently and has 
difficulty standing up again. The disease affeets the hips first, 
then the lower limbs, and progresses to the abdominal and spinal 
muscles. The muscles shorten as they atrophy, causing postural 
abnormalities such as seoliosis. DMD is incurable, but is treated 
with exercise to slow the atrophy and with braees to reinforee 
the weakened hips and eorreet the posture. Patients are usually 
eonfined to a wheelchair by early adoleseenee and rarely live 
beyond the age of 20. 

Myasthenia gravis 21 (MG) (MY-ass-THEE-nee-uh GRAV- 
iss) is most prevalent in women from 20 to 40 years old. It is an 
autoimmune disease in which antibodies attaek the neuromuscular 
junctions and trigger the destmetion of ACh reeeptors. As a 
result, the muscle fibers beeome less and less sensitive to ACh. 
The effeets often appear first in the faeial imiseles and include 
drooping eyelids (fig. 10.20) and double vision (due to weakness 
of the eye muscles). These signs are often followed by difficulty 
swallowing, weakness of the limbs, and poor physieal endurance. 
Some people with MG die quickly as a result of respiratory 
failure, while others have normal life spans. The symptoms ean 
be eontrolled with eholinesterase inhibitors, which retard the 
breakdown of ACh and prolong its aetion on the imiseles, and 
with dmgs that suppress the immune system and thus slow the 
attaek on ACh reeeptors. 

Some other disorders of the muscular system in general are 
briefly deseribed in table 10.5, whereas disorders more spe- 
eifie to the axial or appendicular musculature are deseribed in 
ehapters 11 and 12 . 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

27. What eells eome between mesodermal eells and the 

muscle fiber in the stages of skeletal muscle development? 
Deseribe how several uninuclear eells transform into a 
multinuclear muscle fiber. 

28. What is the prineipal differenee between the way eardiae 

muscle and smooth muscle form and the way skeletal 
muscle forms? 

29. Deseribe the major ehanges seen in the muscular system 

in old age. 

30. What is the root cause of Duchenne muscular dystrophy? 

What is the normal function of dystrophin? 

31. How is synaptie function altered in myasthenia gravis? How 

does this synaptie dysfunction affeet a person with MG? 



19 c/ys = bad, abnormal; trophy = growth - 

20 Guillaume B. A. Duchenne (1806-75), Freneh physieian 21 /r?y = muscle; asthen = weakness; grav = severe 
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TABLE 10.5 


Charley horse 


Contracture 


Crush syndrome 


Delayed onset 
muscle soreness 


Rhabdomyoma 


Rhabdomyosareoma 


Disorders of the Muscular System 


Slang for any painful tear, stiffness, and blood elotting in a muscle caused by contusion (a blow to the muscle causing 
hemorrhaging). 

Abnormal muscle shortening not caused by nervous stimulation. Can result from a persistenee of calcium in the 
sareoplasm after stimulation orfrom eontraetion of sear tissue. 

A shoeklike state following the massive crushing of muscles, assoeiated with a high and potentially fatal fever; eardiae 
irregularities caused by K + released from the injured muscles; and kidney failure caused by bloekage ofthe renal 
tubules with myoglobin released by the traumatized muscle. Myoglobin in the urine (myoglobinurio) is a eommon sign. 

Pain and stiffness felt from several hours to a day after strenuous exercise. Assoeiated with microtrauma to the 
muscles, with disrupted Z dises, myofibrils, and plasma membranes, and with elevated blood levels of myoglobin and 
enzymes released by damaged muscle fibers. 

A rare, benign muscle tumor, usually occurring in the tongue, neek, larynx, nasal eavity, throat, heart, or vulva. Treated 
by surgical removal. 

A malignant muscle tumor; the most eommon form of pediatrie soft-tissue sareoma, although accounting for <3% of 
ehildhood eaneers and rarely seen in adults. Results from abnormal proliferation of myoblasts. Begins as a painless mass 
in a muscle but metastasizes rapidly. Diagnosed by biopsy and treated with surgery, ehemotherapy, or radiation therapy. 


Disorders Deseribed Elsewhere 


Atrophy 253 
Baek injuries 286 


Compartment syndrome 294 Muscular dystrophy 259 


Hamstring injuries 316 


Myasthenia gravis 259 


Paralysis 249,394 
Sports injuries 325 



Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

10.1 Muscle Types and Fimetions (p. 236) 

1. The seope of myology and of the term 
muscular system, and what muscular tis- 
sues are not included in the muscular 
system 

2. Differenees between skeletal, eardiae, and 
smooth muscle with respeet to the presenee 
or absenee of striations; voluntary or invol- 
untary eontrol; the shapes of their eells; and 
terms for the three types of muscle eells 

3. The rmiltiple functions of muscular tissue 

4. Five physiologieal properties that muscle 
eells must have to earry out their functions 

10.2 General Anatomy of Muscles (p. 237) 

1. The tissues that constitute a skeletal muscle 

2. The arrangement of a imisele’s endomy- 
sium, perimysium, and epimysmm; how 
these relate to the muscle fibers and fas- 
eieles; and the relationship of the eonnee- 
tive tissue of a muscle with the periostemn 
of an assoeiated bone 

3. The separation of muscles by faseiae and 
the grouping of imiseles into eompartments 


4. Orientation of the faseieles in fusiform, 
parallel, triangular, pennate, and circular 
muscles; and how this relates to muscle 
strength 

5. The differenee between an indireet and 
direet muscle attaehment 

6. How an aponeurosis differs from other 
tendons; what it has in eommon with them; 
and the loeations of some aponeuroses 

7. The traditional meaning of a rmisele’s ori- 
gin , insertion, and belly; why the origin- 
insertion distinetion is imperfeet, with 
examples to support this argmnent 

8. Some muscle attaehments and aetions on 
tissues other than bone 

9. The meaning of a muscle’s aetion 

10. The functional interaetions of prime mov- 
ers, synergists, antagonists, and fixators; 
and examples of eaeh 

11. The distinetion between intrinsie and 
extrinsic muscles, and examples of eaeh 

12. The fundamental parts of a musculoskel- 
etal lever system 

13. How to calculate the meehanieal advan- 
tage (MA) of a musculoskeletal lever if 
given the neeessary measmements; the 
benefits and limitations of musculoskeletal 
levers in which the MA is greater than 1 
versus those in which it is less than 1 


14. The differenee between a first-, seeond-, 
and third-elass lever; and both a nonliving 
and a musculoskeletal example of eaeh 

10.3 Mieroseopie Anatomy of Skeletal 
Muscle (p. 244) 

1. The internal ultrastructure of a skeletal 
muscle fiber; the speeial names given to 
some of its organelles and eytoskeletal 
eomponents; and the functions of eaeh 
eomponent 

2. The relationship between myofilaments, 
myofibrils, and muscle fibers 

3. The pmposes of glyeogen and myoglobin 
in a muscle fiber 

4. The straetmal network of the sareoplasmie 
reticulum and its physiologieal function 

5. The three types of myofilaments that eom- 
pose a myofibril; what they are made of; 
and what roles they play 

6. The loeation and role of dystrophin in a 
muscle fiber 

7. The names of the striations in skeletal 
and eardiae muscle and how the over- 
lapping myofilaments account for the 
striations 

8. The definition of a sareomere; its relation- 
ship to the Z dises; and the basie aetion of 
the sareomeres in rmisele eontraetion 
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9. The relationship of a somatie motor neu- 
ron to a group of skeletal muscle fibers 

10. The structure of a neuromuscular junction 
and the functions of all of its eomponents 

11. The roles of aeetyleholine (ACh), aeetyl- 
eholine reeeptors, and aeetyleholinesterase 
at a neuromuscular junction; where ACh 
eomes from when a muscle is stimulated; 
and what beeomes of it afterward 

12. The eomponents of a motor unit; what 
is meant by the size of a motor unit; the 
respeetive advantages of large and small 
motor units; and some plaees where large 
and small motor units ean be found 

13. The blood supply to the skeletal muscles, 
and the share of the circulating blood that 
the muscular system reeeives in rest and 
exercise 

10.4 Relating Structure to Function (p. 250) 

1. The four stages of muscle eontraetion and 
relaxation 

2. The events of excitation—how a signal in 
a motor nerve fiber results in a ehain reae- 
tion of eleetrieal excitation in the muscle 
fiber; the roles of aeetyleholine and gated 
ion ehannels in producing these events 

3. The events of excitation-contraction cou- 
pling; how eleetrieal excitation of the 


muscle fiber leads to ehanges in the myo- 
filaments that make it possible for a sar- 
eomere to eontraet; and the roles of the 
sareoplasmie reticulum, calcium, troponin, 
and tropomyosin in this proeess 

4. The repetitive eyele of myosin-aetin inter- 
aetions that result in muscle eontraetion; 
the role of ATP in this proeess 

5. The events of relaxation; how a muscle 
fiber is allowed to stop eontraeting 

6. The effeets of regular resistanee exercise on 
a muscle, and the mode of muscle growth 

7. The definition of muscle atrophy, and its 
causes 

8. Differenees between slow oxidative (SO) 
and fast glyeolytie (FG) muscle fibers; 
examples of some muscles in which eaeh 
of these fiber types is dominant; and the 
properties of intermediate fibers 

10.5 Cardiac and Smooth Muscle (p. 254) 

1. The structure of eardiae muscle eells and 
how they are joined to eaeh other 

2. The spontaneous aetivity of eardiae mus- 
ele and how it is influenced by the nervous 
system 

3. The speeial eytologieal properties of ear- 
diae muscle eells that make them highly 
resistant to fatigue 


4. Similarities and differenees between 
smooth muscle eells and skeletal muscle 
fibers with respeet to their organelle sys- 
tems and the reason for the absenee of 
striations in smooth muscle 

5. The functional differenees between mul- 
tiunit and single-unit smooth muscle; 
how they differ in their relationships with 
motor nerve fibers; and where eaeh type 
occurs 

6. Differenees in the behavior of smooth 
muscle versus skeletal muscle, and why 
smooth muscle is advantageous for eertain 
purposes 

10.6 Developmental and Oinieal 
Perspeetives (p. 257) 

1. The development of embryonie mesenehy- 
mal eells into skeletal muscle fibers 

2. How eardiae and smooth muscle differ 
from skeletal muscle in the embryonie 
development of their eells 

3. Changes seen in the skeletal muscles in old 
age; and multiple reasons for the reduced 
strength, endurance, and effieieney of the 
muscles with age 

4. The mode of inheritanee and pathology of 
muscular dystrophy 

5. The cause and effeets of myasthenia gravis 


Testing Your Reeall 


1. A faseiele is bounded and defined by 

a. the endomysium. 

b. the faseia. 

e. the myofilaments. 

d. the epimysium. 

e. the perimysium. 

2. Muscle eells must have all of the following 

properties except _to earry out their 

function. 

a. extensibility d. eontraetility 

b. elastieity e. conductivity 

e. autorhythmieity 

3. If a tendon runs longitudinally throughout 
a muscle and faseieles insert obliquely on it 
along both sides, the nmsele is elassified as 

a. parallel. d. eonvergent. 

b. oblique. e. imiltipennate. 

e. bipennate. 

4. A muscle that holds a bone still during a 
particular aetion is ealled 

a. a fixator. 

b. an antagonist. 

e. an agonist. 

d. a synergist. 

e. an intrinsie muscle. 


5. Which of the following muscle proteins is 
not intracellular? 

a. aetin d. troponin 

b. myosin e. dystrophin 

e. eollagen 

6. Smooth muscle eells have_, whereas 

skeletal muscle fibers do not. 

a. T tubules 

b. ACh reeeptors 

e. thiek myofilaments 

d. thin myofilaments 

e. dense bodies 

7. ACh reeeptors are found in 

a. synaptie vesieles. 

b. terminal eisternae. 
e. thiek filaments. 

d. thin filaments. 

e. junctional folds. 

8. Single-unit smooth muscle eells ean stiimi- 
late eaeh other because they have 

a. paeemakers. 

b. diffuse junctions. 
e. gap junctions. 

d. tight junctions. 

e. calcium pumps. 


9. A seeond-elass lever always has 

a. the fulcrum in the middle. 

b. the effort applied between the fulcrum 
and resistanee. 

e. a meehanieal advantage less than 1. 

d. a meehanieal advantage greater than 1. 

e. the resistanee at one end. 

10. Slow oxidative muscle fibers have all of 
the following except 

a. an abundance of myoglobin. 

b. an abundance of glyeogen. 
e. high fatigue resistanee. 

d. a red eolor. 

e. a high eapaeity to synthesize ATP 
aerobieally. 

11. Aeetyleholine is released from organelles 

ealled_. 

12. The region where a motor nerve fiber 

meets a skeletal muscle fiber is ealled 
a/an_. 

13. Parts of the sareoplasmie reticulum ealled 
_lie on eaeh side of a T tubule. 

14. Thiek myofilaments eonsist mainly of the 

protein_. 
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15. Sheets of fibrous eonneetive tissue ealled 

_separate a muscle or muscle group 

from neighboring muscles. 

16. Muscle eontains an oxygen-storage pig- 
ment ealled 


17. The_of skeletal muscle play the same 

role as dense bodies in smooth muscle. 

18. A circular muscle that eontrols a body 

opening or passage is ealled a/an_. 

19. Skeletal muscle fibers develop by the 

fusion of embryonie eells ealled_. 


20. A wave of eontraetion passing along the 
esophagus or small intestine is ealled 


Answers in appendix A 


Biiilding Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 

3. 

fusi- 

8. 

erg- 

following word elements, and give a term in 

4. 

sareo- 

9. 

-mer 

which it is used. 

5. 

dys- 

10. 

penna- 

1 

o 

1 

6. 

mys- 



7. 

anti- 




2. fase- 


Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. Pennate rmiseles are stronger than parallel 
muscles of eomparable size. 

2. A given muscle may be an agonist in one 
joint movement and an antagonist in a dif- 
ferent movement of that joint. 

3. Extrinsic muscles are not loeated entirely 
within the body region that they eontrol. 

Testing Your Comprehension 

1. In a baseball game, the piteher hits the bat- 
ter in the thigh with a fastball. Which of 
the following eonditions would this most 
likely cause: atrophy, eharley horse, eon- 
tracture, crush syndrome, or rhabdomy- 
oma? Explain your ehoiee. 

2. What would be the consequences for mus- 
cular system function if muscle fibers 
were not elastie? What if they were not 
extensible? 

3. For eaeh of the following muscle pairs, 
state which muscle you think would have 
the higher pereentage of fast glyeolytie 
fibers: (a) Muscles that move the eyes or 


4. Cardiac myoeytes are of the fatigue- 
resistant, slow oxidative type. 

5. One motor neuron ean supply only one 
muscle fiber. 

6. To initiate rmisele eontraetion, calcium 
ions must bind to the myosin heads. 

7. A first-elass lever ean have a meehani- 
eal advantage either greater than or less 
than 1. 


imiseles of the upper throat that initiate 
swallowing. (b) The abdominal muscles 
employed in doing sit-ups or the rmiseles 
employed in handwriting. (e) Muscles of 
the tongue or the skeletal muscle sphineter 
of the amis. Explain eaeh answer. 

4. The forearm eontains five flexor muscles 
that flex the wrist and fingers. Explain 
why it is better for them to have an indireet 
attaehment rather than a direet attaehment 
to the bones on which they aet. 

5. The braehialis muscle is the most power- 
ful flexor of the elbow. Examine its bone 
attaehments in figure 12.3 (p. 298) and 


8. Slow oxidative fibers are more fatigue- 
resistant than fast glyeolytie fibers. 

9. The blood vessels of a skeletal muscle are 
more wavy or eoiled when a muscle is 
relaxed than when it eontraets. 

10. Well-exercised muscles generally gain in 
thiekness by the addition of new muscle 
fibers. 

Answers in appendix A 


table 12.3 (p. 301). From a functional 
standpoint, identify what bone attaeh- 
ment would be its origin and what would 
be its insertion in a person lifting bar- 
bells. Then identify which would be the 
origin and insertion in a person elimbing 
the faee of a eliff. In light of your conclu- 
sions, eoneisely explain the imperfeetion 
in such eonventional terminology for its 
attaehments. 
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T here are about 600 skeletal muscles in the human body. 

Chapters 11 and 12 deseribe fewer than one-third of these. 
This ehapter deals with the muscles that aet on the axial 
division of the body—that is, on the head and trunk. Muscles that 
aet on the limbs and limb girdles (the appendicular division) are 
deseribed in ehapter 12. This ehapter opens with some tips to 
help you study the muscles more insightfully. 



Learning 

Approaehes 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. translate several Latin words eommonly used in the 
naming of muscles; 

b. define the innervation of a muscle; 

e. deseribe the sources of the nerves to the head-neek 
and trunk muscles and explain the numbering system 
for the eranial and spinal nerves; and 

d. deseribe and praetiee some methods that will help in 
the learning of the skeletal muscles. 


How Muscles Are Named 

Figure 11.1 shows an overview of the major superficial muscles. 
Learning the names of these and other muscles may seem a for- 
bidding task at first, espeeially when some of them have such long 
Latin names as depressor labii inferioris and flexor digiti minimi 
brevis. Such names, however, typieally deseribe some distinetive 
aspeets of the structure, loeation, or aetion of a muscle—the 
movement that results from its eontraetion or, in a few eases, 
unwanted movement that it prevents. The names beeome very 
helpful onee we grow familiar with a few eommon Latin words. 
For example, the depressor labii inferioris is a muscle that low- 
ers (depresses) the bottom (inferior) lip (labium), and the flexor 
digiti minimi brevis is a short (brevis) muscle that flexes the 
smallest (minimi) finger (digit). Several of the most eommon 
words in muscle names are interpreted in table 11.1, and others 
are explained in footnotes throughout the ehapter. Familiarity 
with these terms and attention to the footnotes will help you 
translate muscle names and remember the loeation, appearanee, 
and aetion of the muscles. 


Muscle Innervation 

The innervation of a muscle refers to the identity of the nerve 
that stimulates it. Knowing the innervation to eaeh muscle 
enables elinieians to diagnose nerve, spinal eord, and brainstem 
injuries from their effeets on muscle function, and to set real- 
istie goals for rehabilitation. The innervations deseribed in this 


ehapter will be more meaningful after you have studied the 
peripheral nervous system (ehapters 14 and 15), but a brief ori- 
entation will be helpful here. The muscles are innervated by 
two groups of nerves: 

• Spinal nerves arise from the spinal eord, emerge through 
the intervertebral foramina, and innervate muscles below the 
neek. Spinal nerves are identified by letters and numbers 
that refer to the adjaeent vertebrae—for example, T6 for 
the sixth thoraeie nerve and S2 for the seeond saeral nerve. 
Immediately after emerging from an intervertebral foramen, 
eaeh spinal nerve branehes into a posterior and anterior 
ramus. 1 You will note referenees to nerve numbers and 
rami in many of the muscle tables. The term plexus in some 
of the tables refers to weblike networks of spinal nerves 
adjaeent to the vertebral column. All of the spinal nerves 
named here are illustrated—and most are also discussed—in 
ehapter 14. 

• Cranial nerves arise mainly from the base of the brain, 
emerge through the skull foramina, and innervate muscles 
of the head and neek. Cranial nerves are identified by roman 
numerals (CNI-XII) and by names given in ehapter 15, 
although not all 12 of them innervate skeletal muscles. 


A Learning Strategy 

The following suggestions ean help you develop a rational strategy 
for learning the skeletal muscles as you first encounter them in the 
textbook and laboratory: 

• Examine models, eadavers, disseeted animals, or an anatomi- 
eal atlas as you read about the muscles. Visual images are 
often easier to remember than words, and direet observation 
of a rmrsele may stiek in your memory better than deseriptive 
text or two-dimensional drawings. 

• When studying a particular muscle, palpate it on yourself 
if possible. Contract the muscle to feel it bulge and sense 
its aetion. Doing so will make rmrsele loeations and 
aetions less abstraet. The atlas following ehapter 12 shows 
where you ean see and palpate several muscles on the 
living body. 

• Loeate the muscle attaehments on an articulated skeleton. 
Some study skeletons are painted and labeled to show 
these. This will help you visualize the loeations of 
rmrseles and understand how they produce particular 
joint aetions. 

• Study the derivations of the imisele names; look for deserip- 
tive meaning in their names. 

• Say the names aloud to yourself or a study partner. It is harder 
to remember and spell terms you eannot pronounce, and 
silent promineiation is not nearly as effeetive as speaking and 
hearing the names. Pronunciation guides are provided in the 
muscle tables for all but the most obvious eases. 


Vo/rn/s = braneh 
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TABLE 11.1 

Words eommonly Used to Name Muscles 


Criterion 

Term and Meaning 

Examples of Usage 

Size 

Brevis (short) 

Extensor pollieis brevis 


Longus (long) 

Abductor pollieis longus 


Major (large) 

Peetoralis major 


Maximus (largest) 

Gluteus maximus 


Minimus (smallest) 

Gluteus minimus 


Minor (small) 

Peetoralis minor 

Shape 

Deltoid (triangular) 

Deltoid 


Quadratus (four-sided) 

Pronator quadratus 


Rhomboid (rhomboidal) 

Rhomboid major 


Teres (round, eylindrieal) 

Pronator teres 


Trapezius (trapezoidal) 

Trapezius 

Loeation 

Abdominis (of the abdomen) 

Rectus abdominis 


Braehii (of the arm) 

Bieeps braehii 


Oapitis (of the head) 

Splenius eapitis 


Carpi (of the vvrist) 

Flexor earpi ulnaris 


Cervicis (of the neek) 

Semispinalis eervieis 


Digiti (of a finger or toe, singular) 

Extensor digiti minimi 


Digitorum (of the fingers or toes, plural) 

Flexor digitorum profundus 


Femoris (of the femur, or thigh) 

Quadriceps femoris 


Fibularis (of the fibula) 

Fibularis longus 


Hallucis (of the great toe) 

Abductor hallucis 


indieis (of the index finger) 

Extensor indieis 


intereostal (betvveen the ribs) 

External intereostals 


Lumborum (of the lovver baek) 

Quadratus lumborum 


Peetoralis (of the ehest) 

Peetoralis major 


Pollieis (of the thumb) 

Opponens pollieis 


Profundus (deep) 

Flexor digitorum profundus 


Superficialis (superficial) 

Flexor digitorum superficialis 


Thoraeis (of the thorax) 

Spinalis thoraeis 

Number of heads 

Bieeps (tvvo heads) 

Bieeps femoris 


Trieeps (three heads) 

Trieeps braehii 


Quadriceps (four heads) 

Quadriceps femoris 

Orientation 

Oblique (slanted) 

External abdominal oblique 


Rectus (straight) 

Rectus abdominis 

Aetion 

Abductor 

Abductor digiti minimi 


Adductor 

Adductor pollieis 


Depressor 

Depressor anguli oris 


Extensor 

Extensor earpi radialis 


Flexor 

Flexor earpi radialis 


Levator 

Levator scapulae 


Pronator 

Pronator teres 


Supinator 

Supinator 





Superficial 



Deep 



Frontalis 


Orbicularis oculi 


Platysma 


Deltoid 


Peetoralis major 


Bieeps braehii 


Braehioradialis 


Flexor earpi radialis 


External abdominal 
oblique 


Tensor 
faseiae latae 


Sartorius 


Rectus femoris 


Vastus lateralis 


Vastus medialis 


Fibularis longus 


Tibialis anterior 


Extensor digitomm longus 


Masseter 


Trapezius 


Braehialis 



Orbicularis oris 


Sternoeleidomastoid 


Peetoralis minor 


Ooraeobraehialis 


Serratus anterior 


Rectus abdominis 


Supinator 

Flexor digitomm 
profundus 

Flexor pollieis longus 


Transverse abdominal 


Internal abdominal 
oblique 

Pronator quadratus 


Vastus intermedius 


Gastrocnemius 


Soleus 


Extensor digitomm 


(a) Anteriorview 


Figure 11.1 The Muscular System. In eaeh 
figure, major superficial muscles are shovvn on the 
anatomieal right, and some of the deeper muscles 
are shovvn on the left. Muscles not labeled here are 
shovvn in more detail in later figures. 
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Deep 



Siiperfieial 



Oeeipitalis 


Semispinalis eapitis 
Sternoeleidomastoid 


Splenius eapitis 


Levator scapulae 


Supraspinatus 


Trapezius 


Rhomboid minor 
Rhomboid major 


Deltoid (cut) 


lnfraspinatus 


Serratus anterior 


Trieeps braehii (cut) 


Serratus posterior inferior 


External abdominal oblique 
Internal abdominal oblique 


Ereetor spinae 


Flexor earpi ulnaris 


Extensor digitorum (cu 


Gluteus minimus 


Lateral rotators 


Adductor 

magnus 


lliotibial traet 


Semimembranosus 


Bieeps femoris 



lnfraspinatus 
Teres minor 
Teres major 

Trieeps braehii 


Gastrocnemius (cut) 


Soleus (cut) 


Tibialis posterior 


Flexor digitorum longus 
Flexor hallucis longus 


Fibularis longus 


Calcaneal tendon 


Latissimus dorsi 

Extensor earpi 
radialis longus 
and brevis 

External abdominal 
oblique 

Extensor digitorum 
Gluteus medius 

Extensor earpi ulnaris 

Gluteus maximus 


Semitendinosus 


lliotibial traet 


Bieeps femoris 


Gastrocnemius 


Soleus 


(b) Posterior view 
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Before You Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

1. What is meant by the innervation of a muscle? Why is it 
important to knovv this? What tvvo major groups of nerves 
innervate the skeletal muscles? 

2. In table 11.1, piek a muscle name from the right column that 
you think meets eaeh of the follovving deseriptions: (a) lies 
beside the radius and straightens the vvrist; (b) pulls dovvn 
the eorners of your mouth vvhen you frovvn; (e) raises your 
shoulder blades; (d) moves your little finger laterally, avvay 
from the fourth digit; (e) is the largest muscle deep to the 
breast. 


TABLE 11.2 Muscles of Faeial Expression 


Humans have much more expressive faees than other mammals 
because of a complex array of muscles that insert in the dermis and 
subcutaneous tissues (figs. 11.2 and 11.3). These muscles tense the 
skin and produce such expressions as a pleasant smile, a threatening 
seovvl, a puzzled frovvn, or a flirtatious vvink (fig. 11.4). They add 
subtle shades of meaning to our spoken vvords. Faeial muscles also 
contribute direetly to speeeh, ehevving, and other oral functions. All 
but one of these muscles are innervated by the faeial nerve (CN VII). 
This nerve is espeeially vulnerable to injury from laeerations and skull 
fractures, vvhieh ean paralyze the muscles and cause parts of the faee 
to sag. The only muscle in this table not innervated by the faeial nerve 
is the levator palpebrae superioris, innervated by the oculomotor 
nerve (CN III). 



Muscles of the 
Head and Neek 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. name and loeate the muscles that produce faeial 
expressions; 

b. name and loeate the muscles used for ehevving and 
svvallovving; 

e. name and loeate the neek muscles that move the 
head; and 

d. identify the attaehments, aetion, and innervation of any 
of these muscles. 


Muscles of the head and neek will be treated here from a regional 
and functional perspeetive, thus plaeing them in the follow- 
ing groups: muscles of faeial expression, muscles of chewing 
and swallowing, and muscles that move the head as a whole 
(tables 11.2-11.4). In these tables and throughout the rest of the 
ehapter, eaeh muscle entry provides the following information: 

• the name of the muscle; 

• the prommeiation of the name, unless it is self-evident or 
uses words whose pronunciations have been provided in a 
reeent entry; 

• the aetions of the rmisele; 

• the muscle’s skeletal attaehments; in this column, the first 
bullet indieates what was traditionally regarded as the origin 
and the seeond, the insertion (but see p. 240 on why those 
terms are falling out of use); and 

• the muscle’s innervation. 


Frontalis 


Orbieiilaris 

oculi 


Nasalis 


Levator labii 
siipenoris 


Zygomaticus 

major 


Orbicularis 

oris 


Parotid salivary- 
gland 


Masseter 


Depressor— 
labii inferioris 


Depressor 


anguli oris 


Platysma 





Figure 11.2 Some Faeial Muscles of the Cadaver. Boldfaee labels 

indieate muscles employed in faeial expression. 


© McGraw-Hill Education/Rebecca Gray, photographer/Don Kineaid, disseetions 





















TABLE 11.2 


Muscles of Faeial Expression (continued) 


Figure 11.3 Muscles of Faeial Expression. 

Boldfaee labels indieate muscles employed in 
faeial expression. 


Superficial 



Deep 



Frontalis 


Orbicularis oculi 


Modiolus 


Platysma 



Levator labii siiperioris 


Zygomaticus minor 
Zygomaticus major 


Risorius 


Depressor angull oris 


Depressor labii inferioris 


(a) Anterior view 


Galea aponeurotica 


Corrugator siipereilii 


Nasalis 


Levator anguli oris 


Masseter 


Buccinator 


Orbicularis oris 


Mentalis (cut) 


Galea aponeurotica 


Temporalis 


Oeeipitalis 


Zygomatie areh 


Masseter 



Sternoeleidomastoid 


Levator scapulae 

Inferior pharyngeal 
eonstrietor 


Thyrohyoid 
Sternothyroid 
Omohyoid 

Sternohyoid 


Frontalis (cut) 


Corrugator snpereilii 


Orbicularis oculi 


Nasalis 


Levator labii superioris 


Zygomaticus minor 


Zygomaticus major 


Orbicularis oris 


Modiolus 


(b) Lateral view 


Risorins (cut) 

Mentalis 

Depressor labii 
inferioris 

Depressor anguli oris 
Buccinator 
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TABLE 11.2 Muscles of Faeial Expression (continued) 

The Sealp. The oeeipitofrontolis overlies the dome of the cranium. It is divided into the frontolis of the forehead and oeeipitolis atthe rear of 
the head, named for the frontal and oeeipital bones underlying them. They are eonneeted to eaeh other by a broad aponeurosis, the galea 
aponeurotica 2 (GAY-lee-uh AP-oh-new-ROT-ih-cuh). 

Name 

Aetion 

Skeletal Attaehments 

Innervation 

Frontalis 

(frun-TAY-lis) 

Elevates eyebrows in glaneing upward and 
expressions ofsurprise orfright; draws sealp 
forward and wrinkles skin of forehead 

• Galea aponeurotica 

• Subcutaneous tissue of 
eyebrows 

Faeial nerve 

Oeeipitalis 

(oe-SIP-ih-TAY-lis) 

Retraets sealp; fixes galea aponeurotica so 
frontalis ean aet on eyebrows 

• Superior nuchal line and 
temporal bone 

• Galea aponeurotica 

Faeial nerve 

The Orbital and Nasal Regions. The orbiculoris oculi is a sphineter of the eyelid that eneireles and eloses the eye. The levotor polpebroe 
superioris lies deep to the orbicularis oculi, in the eyelid and orbital eavity (see fig. 17.20, p. 481), and opens the eye. Other muscles in this group 
move the eyelids and skin of the forehead and dilate the nostrils. Muscles within the orbitthat move the eyeball itself are discussed in ehapter 17. 

Orbicularis Oculi 3 

(or-BIC-you-LERR-is 

OC-you-lye) 

Sphineter of the eyelids; eloses eye in blinking, 
squinting, and sleep; aids in flow of tears 
aeross eye 

• Laerimal bone, adjaeent regions 
of frontal bone and maxilla, 
medial angle of eyelids 

• llpper and lower eyelids, skin 
around margin of orbit 

Faeial nerve 

Levator Palpebrae 
Superioris 4 

(leh-VAY-tur pal-PEE-bree 
soo-PEER-ee-OR-is) 

Elevates upper eyelid, opens eye 

• Lesser wing of sphenoid in 
posterior wall of orbit 

• llppereyelid 

Oculomotor 

nerve 

Corrugator Supercilii 5 

(COR-oo-GAY-tur 

SOO-per-SIL-ee-eye) 

Draws eyebrows medially and downward in 
frowning and eoneentration; reduces glare of 
bright sunlight 

• Medial end of supraorbital 
margin 

• Skin of eyebrow 

Faeial nerve 

Nasalis 6 

(nay-ZAIL-is) 

VVidens nostrils; narrows internal air passage 
between vestibule and nasal eavity 

• Maxilla just lateral to nose 

• Bridge and alar eartilages of nose 

Faeial nerve 

The Oral Region. The mouth is the most expressive part ofthe faee, and lip movements are neeessary for intelligible speeeh; thus, it is not 
surprising that the muscles here are espeeially diverse. The orbiculoris oris is a complex of muscles in the lips that eneirele the mouth; until 
reeently it was misinterpreted as a sphineter, or circular muscle, but it is actually eomposed of four independent quadrants that interlaee and give 
only an appearanee of circularity. Other muscles in this region approaeh the lips from all direetions and thus draw the lips or angles (eorners) of the 
mouth upward, laterally, and downward. Some of these arise from or end in a complex eord ealled the modiolus 7 just lateral to eaeh angle of the 
lips (fig. 11.3). Named for the hub of a cartwheel, the modiolus is a point of eonvergenee of several muscles of the lower faee. You ean palpate it by 
inserting one finger just inside the eorner of your lips and pinehing the eorner between the finger and thumb, feeling for a thiek knot of tissue. 

Orbicularis Oris 8 
(or-BIC-you-LERR-is OR-is) 

Eneireles mouth, eloses lips, protmdes lips as in 
kissing; uniquely developed in humans for speeeh 

• Modiolus of mouth 

• Submucosa and dermis of lips 

Faeial nerve 

Levator Labii Superioris 9 

(leh-VAY-tur LAY-bee-eye 
soo-PEER-ee-OR-is) 

Elevates and everts upper lip in sad, sneering, or 
serious expressions 

• Zygomatie bone and maxilla 
near inferior margin of orbit 

• Muscles of upper lip 

Faeial nerve 

Levator Anguli Oris 10 
(leh-VAY-tur ANG-you-lye 
OR-is) 

Elevates angle of mouth as in smiling 

• Maxilla just below infraorbital 
foramen 

• Muscles at angle of mouth 

Faeial nerve 

Zygomatie^s 11 Major 

(ZY-go-MAT-ih-cus) 

Draws angle of mouth upward and laterally as in 
laughing 

• Zygomatie bone 

• Superolateral angle of mouth 

Faeial nerve 

Zygomaticus Minor 

Elevates upper lip, exposes upperteeth in smiling 
or sneering 

• Zygomatie bone 

• Muscles of upper lip 

Faeial nerve 

Risorius 12 

(rih-SOR-ee-us) 

Draws angle of mouth laterally in expressions of 
laughing, horror, or disdain 

• Zygomatie areh, faseia near ear 

• Modiolus of mouth 

Faeial nerve 


2 galea = helmet; apo = above; neuro = nerves, brain 
3 orb = eirele; ocul = eye 

4 levot = to raise; polpebr = eyelid; superior = upper 
3 corrug = wrinkle; supercil = eyebrow 
6 nas = nose 
7 modiolus = hub 


8 o/±> = eirele; or = mouth 

9 levot = to raise; lobi = lip; superior = upper 

w ongul = angle, eorner; or = mouth 

^lzygo = join, unite (refers to zygomatie bone) 

u risor = laughter 
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TABLE 11.2 Muscles of Faeial Expression (continued) 


Frontalis 


Levator palpebrae 
superioris 


Zygomaticus major 
and minor 


Levator anguli oris 


Levator labii superioris 


Depressor labii 
inferioris 




Frontalis 


Levator palpebrae 
superioris 


Nasalis 



Risorius 

Depressor labii 
inferioris 

Platysma 





Frontalis 


Levator palpebrae 
superioris 


Corrugator 

supercilii 


Orbicularis oris 


Depressor anguli 
oris 

Mentalis- 



Orbicularis oculi 


Orbicularis oris 

Depressor 
anguli oris 

Mentalis 



Figure 11.4 Expressions Produced by Several of the Faeial Muscles. The ordinary aetions of these muscles are usually more subtle than 
these demonstrations. 

• Nome on ontogonist ofeoeh ofthese muscles: the depressor onguli oris, orbiculoris ocuii, ond levotor lobii superioris . 
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TABLE 11.2 


Muscles of Faeial Expression (continued) 


Name 


Aetion 


Skeletal Attaehments 


Innervation 


Depressor Anguli Oris 13 

Dravvs angle of mouth laterally and dovvnvvard in 
opening mouth or sad expressions 

• Inferior margin of mandibular 
body 

• Modiolus of mouth 

Faeial nerve 

Depressor Labii 

Inferioris 14 

Dravvs lovver lip dovvnvvard and laterally in ehevving 
and expressions of melaneholy or doubt 

• Near mental protuberance 

• Skin and mucosa of lovver lip 

Faeial nerve 

The Mental and Buccal Regions. Adjaeent to the oral orifiee are the mental region (ehin) and buccal region (eheeks). In addition to 
muscles already discussed that aet direetly on the lovver lip, the mental region has a pair of small mentolis muscles extending from the 
upper margin ofthe mandible to the skin of the ehin. In some people, these muscles are espeeially thiek and have a visible dimple betvveen 
them ealled the mentol eleft. The buccínotor is the muscle in the eheek. It has multiple functions in ehevving, sucking, and blovving. If the 
eheek is inflated vvith air, eompression of the buccinator blovvs it out. Sucking is aehieved by eontraeting the buccinators to dravv the eheeks 
invvard, and then relaxing them. This aetion is espeeially important to nursing infants. To feel this aetion, hold your fingertips lightly on your 
eheeks as you make a kissing noise. You vvill notiee the relaxation of the buccinators at the moment air is sharply dravvn in through the 
pursed lips. 

Mentalis 

(men-TAY-lis) 

Elevates and protrudes lovver lip in drinking, 
pouting, and expressions of doubt or disdain; 
elevates and vvrinkles skin of ehin 

• Mandible near inferior ineisors 

• Skin of ehin at mental 
protuberance 

Faeial nerve 

Buccinator 15 

(BUC-sin-AY-tur) 

Compresses eheek against teeth and gums; 
direets and retains food betvveen teeth for 
ehevving; retraets eheek from teeth vvhen mouth 
is elosing to prevent biting eheek; used in 
drinking from a stravv and suckling by infants; 
expels air and liquid; helps eontrol airflovv 
in speeeh 

• Alveolar proeesses on lateral 
surfaces of maxilla and 

mandible 

• Orbicularis oris; submucosa of 
eheek and lips 

Faeial nerve 

The Cervical and Mental Region. The plotysmo is a thin superficial muscle of the upper ehest and lovver faee. It is relatively 
unimportant, but vvhen men shave, they tend to tense the platysma to make the eoneavity betvveen the jaw and neek shallovver and the 
skin tauter. 

Platysma 16 

(plah-TIZ-muh) 

Dravvs lovver lip and angle of mouth dovvnvvard 
in expressions of horror or surprise; may aid in 
opening mouth vvidely 

• Faseia of deltoid and peetoralis 
major 

• Mandible; skin and subcutaneous 

tissue of lovver faee 

Faeial nerve 


^depress = to lovver; angul = angle, eorner; or = mouth 
14 /oò/ = lip; inferior = lovver 


]5 buccinotor = trumpeter 
16 p/ofy = flat 
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TABLE 11.3 


Muscles of Chewing and Swallowing 


The following muscles contribute to faeial expression and speeeh, but are primarily eoneerned with food manipulation. 


Extrinsic Muscles of the Tongue. The tongue is a very agile organ. It pushes food between the molars for chewing (mostieotion) and later 
forees the food into the pharynx for swallowing (deglutition); it is also, of course, of emeial importanee to speeeh. Both intrinsie and extrinsic 
muscles are responsible for its complex movements. The intrinsie muscles eonsist of a variable number of vertieal faseieles that extend from the 
superior to the inferior sides of the tongue, transverse faseieles that extend from right to left, and longitudinal faseieles that extend from root to tip 
(see figs. 10.2c, p. 238, and 24.5b, p. 659). The extrinsic muscles listed here eonneet the tongue to other structures in the head (fig. 11.5). Three of 
these are innervated by the hypoglossal nerve (CN XII), whereas the fourth is innervated by both the vagus (CN X) and aeeessory (CN XI) nerves. 


Palatoglossus 


Styloglossus 


Inferior longitudinal 
muscle of tongue 


Genioglossus 


Mylohyoid (cut) 


Geniohyoid 



Larynx 


Traehea 


Figure 11.E Muscles of the Tongue and Pharynx. 


Styloid proeess 
Mastoid proeess 
Posterior belly of digastrie (cut) 
Superior pharyngeal eonstrietor (cut) 


Stylohyoid 

Middle pharyngeal eonstrietor 


Hyoglossus 


Hyoid bone 


Inferior pharyngeal eonstrietor 


Esophagus 


Name 

Aetion 

Skeletal Attaehments 

Innervation 

Genioglossus 17 

(JEE-nee-oh-GLOSS-us) 

LJnilateral aetion draws tongue to one side; 
bilateral aetion depresses midline of tongue or 
protmdes tongue 

• Superior mental spine on 
posterior surface of mental 
protuberance 

• Inferior surface of tongue from 
root to apex 

Hypoglossal nerve 

Hyoglossus 18 

(HI-oh-GLOSS-us) 

Depresses tongue 

• Body and greater horn of hyoid 
bone 

• Lateral and inferior surfaces of 
tongue 

Hypoglossal nerve 

Styloglossus 19 

(STY-lo-GLOSS-us) 

Draws tongue upward and posteriorly 

• Styloid proeess of temporal 
bone and ligament from styloid 
proeess to mandible 

• Superolateral surface of tongue 

Hypoglossal nerve 

Palatoglossus 20 

(PAL-a-toe-GLOSS-us) 

Elevates root of tongue and eloses oral eavity off from 
pharynx; forms palatoglossal areh at rear of oral eavity 

• Soft palate 

• Lateral surface of tongue 

Vagus and 
aeeessory nerves 


v genio = ehin; gloss = tongue 19 sfy/o = styloid proeess; gloss = tongue 

]8 hyo = hyoid bone; gloss = tongue 20 palato = palate; gloss = tongue 
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TABLE 11.3 


Muscles of Chewing and Swallowing (continued) 


Muscles of Chewing. Four pairs of muscles produce the biting and ehevving movements of the mandible: the temporolis, mosseter, and 
tvvo pairs of pterygoid muscles (fig. 11.6). Their aetions include depression to open the mouth for reeeiving food; elevation for biting off a pieee 
of food or crushing it betvveen the teeth; protraetion so that the ineisors meet in cutting off a pieee of food, and retraetion to dravv the lovver 
ineisors behind the upper ineisors and make the rear teeth meet; and lateral and medial excursion, the side-to-side movements that grind 
food betvveen the rear teeth. The last four of these movements are shovvn in figure 9.15 (p. 218). All of these muscles are innervated by the 
mandibular nerve, vvhieh is a braneh of the trigeminal (CN V). 



Temporalis 


Orbicularis oris 


Buccinator 


Masseter (cut) 




Lateral pterygoid plate 


Medial pterygoid plate 


Lateral pterygoid muscle 


Medial pterygoid muscle 


Interior of oral eavity 


(a) Lateral view 


(b) Posterior view 


Figure 11.6 Muscles of Chewing. Boldfaee labels indieate muscles that aet on the mandible in its chewing movements. (a) Right lateral 
view. In order to expose the attaehment of the temporalis muscle to the mandible, part of the zygomatie areh and masseter muscle are 
removed. (b) View of the pterygoid muscles looking into the oral eavity from behind the skull. 

Exploin how the mediol pterygoid muscles eon produce both loterol ond mediol excursion ofthe mondible. 


Name 


Aetion 


Skeletal Attaehments 


Innervation 


21 


Temporalis 

(TEM-po-RAY-liss) 


Elevation, retraetion, and lateral and medial 
excursion of the mandible 


Temporal lines and temporal fossa of 


cramum 


Coronoid proeess and anterior border 
of mandibular ramus 


Trigeminal nerve 


Masseter 


22 


(ma- 



-tur) 


Medial Pterygoid 

(TERR-ih-goyd) 


23 


Elevation of the mandible, with smaller roles in 
protraetion, retraetion, and lateral and medial 
excursion 


Elevation, protraetion, and lateral and medial 
excursion of the mandible 


Zygomatie areh 

Lateral surface of mandibular ramus 
and angle 

Medial surface of lateral pterygoid 
plate, palatine bone, lateral surface of 
maxilla near molarteeth 
Medial surface of mandibular ramus 
and angle 


Trigeminal nerve 


Trigeminal nerve 


Lateral Pterygoid 


Depression (in wide opening of the mouth), 
protraetion, and lateral and medial excursion of 
the mandible 


Lateral surfaces of lateral pterygoid 
plate and greater wing of sphenoid 
Neek of mandible (just below 
eondyle); articular dise and capsule of 
temporomandibular joint 


Trigeminal nerve 


2 \emporaiis = of the temporal region of the head 
22 masset = chew 


23 pteryg = wing; oid = resembling (refers to pterygoid plate 
of sphenoid bone) 
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TABLE 11.3 


Muscles of Chewing and Swallowing (continued) 


Hyoid Muscles—Suprahyoid Group. Several aspeets of ehevving, swallowing, and voealizing are aided by eight pairs of hyoid muscles 
assoeiated with the hyoid bone ( g. ). The suprahyoid group is eomposed of the four pairs superior to the hyoid—the digostrie, geniohyoid, 
mylohyoid, and stylohyoid. The digastrie is an unusual muscle, named for its two bellies. Its posterior belly arises from the mastoid noteh of 
the cranium and slopes downward and forward. The onterior belly arises from a treneh ealled the digostrie fosso on the inner surface of the 
mandibular body. It slopes downward and backward. The two bellies meet at a eonstrietion, the intermediote tendon. This tendon passes through 
a eonneetive tissue loop, the foseiol sling, attaehed to the hyoid bone. Thus, when the two bellies of the digastrie eontraet, they pull upward on 
the hyoid; but if the hyoid is fixed from below, the digastrie aids in wide opening of the mouth. The lateral pterygoids are more important in wide 
mouth opening, with the digastries eoming into play only in extreme opening, as in yawning or taking a large bite of an apple. Cranial nerves V 
(trigeminal), VII (faeial), and XII (hypoglossal) innervate these muscles. 


Name 


Aetion 


Skeletal Attaehments 


Innervation 


Digastrie 24 

Depresses mandible when hyoid is fixed; opens 
mouth widely, as when ingesting food or yawning; 
elevates hyoid when mandible is fixed 

• Mastoid noteh of temporal bone, 
digastrie fossa of mandible 

• Hyoid bone, via faseial sling 

Posterior belly: 
faeial nerve 

Anterior belly: 
trigeminal nerve 

Geniohyoid 25 

(JEE-nee-oh-HY-oyd) 

Depresses mandible when hyoid is fixed; elevates 
and protraets hyoid when mandible is fixed 

• Inferior mental spine of mandible 

• Hyoid bone 

Spinal nerve C1 via 
hypoglossal nerve 

Mylohyoid 26 

Spans mandible from side to side and forms floor 
of mouth; elevates floor of mouth in initial stage of 
swallowing 

• Mylohyoid line near inferior margin 
of mandible 

• Hyoid bone 

Trigeminal nerve 

Stylohyoid 

Elevates and retraets hyoid, elongating floor of 
mouth; roles in speeeh, chewing, and swallowing 
are not yet elearly understood. 

• Styloid proeess of temporal bone 

• Hyoid bone 

Faeial nerve 

Hyoid Muscles—Infrahyoid Group. The infrahyoid group is inferior to the hyoid bone. By fixing the hyoid from below, they enable the 
suprahyoid muscles to open the mouth. The omohyoid is unusual in that it arises from the shoulder, passes under the sternoeleidomastoid, and 
then aseends to the hyoid bone. Like the digastrie, it has two bellies. The thyrohyoid, named for the hyoid bone and the large shield-shaped 
thyroid eortiloge of the larynx, helps prevent ehoking. It elevates the larynx during swallowing so that its superior opening is sealed by a flap of 
tissue, the epiglottis. You ean feel this effeet by plaeing your finger on the “Adam’s apple” (the anterior prominenee of the thyroid eartilage) and 
feeling it bob up as you swallow. The sternothyroid muscle then pulls the larynx down again so you ean resume breathing; it is the only infrahyoid 
muscle with no eonneetion to the hyoid bone. The sternohyoid lowers the hyoid bone after it has been elevated. 

The infrahyoid muscles that aet on the larynx are regarded as the extrinsic muscles of the larynx. The intrinsie muscles, eonsidered in 
ehapter 23, are eoneerned with eontrol of the voeal eords and laryngeal opening. The onso eervieolis , 27 which innervates three of these 
muscles, is a loop of nerve on the side of the neek formed by eertain fibers from eervieal nerves 1 to 3 (see fig. 14.13, p. 386). Cranial nerves 

IX (glossopharyngeal), X (vagus), and XII (hypoglossal) also innervate these muscles. 

Omohyoid 28 

Depresses hyoid after it has been elevated 

• Superior border of scapula 

• Hyoid bone 

Ansa eerviealis 

Sternohyoid 29 

Depresses hyoid after it has been elevated 

• Manubrium of sternum, medial 

end of elaviele 

• Hyoid bone 

Ansa eerviealis 

Thyrohyoid 30 

Depresses hyoid; with hyoid fixed, elevates larynx 
as in singing high notes 

• Thyroid eartilage of larynx 

• Hyoid bone 

Spinal nerve C1 via 
hypoglossal nerve 

Sternothyroid 

Depresses larynx after it has been elevated in 
swallowing and voealization; aids in singing low notes 

• Manubrium of sternum, eostal eartilage 1 

• Thyroid eartilage of larynx 

Ansa eerviealis 

Muscles of the Pharynx. The three pairs of phoryngeol eonstrietors eneirele the pharynx on its posterior and lateral sides, forming a 
muscular funnel that aids in swallowing (fig. 11.5). 

Pharyngeal Constrictors 

(three muscles) 

During swallowing, eontraet in orderfrom superior 
to middle to inferior eonstrietor to drive food into 
esophagus 

• Medial pterygoid plate, mandible, hyoid 
bone, stylohyoid ligament, erieoid and 
thyroid eartilages of larynx 

• Median pharyngeal raphe (seam on 
posterior side of pharynx); basilar part 
of oeeipital bone 

Glossopharyngeal 
and vagus nerves 


24 c// = two; gostr = bellies 

25 genio = ehin 

26 mylo = mill, molar tooth 

27 onso = handle; eervie = neek; olis = of, belonging to 


28 omo = shoulder 

29 sterno = ehest, sternum 

30 thyro = shield (refers to thyroid eartilage) 
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TABLE 11.3 Muscles of Chewing and Swallowing (continued) 


Superficial 



Deep 



Suprahyoid 

group 


Digastrie: 

Anterior belly 

Posterior belly 


Stylohyoid 

Mylohyoid 


Levator scapulae 


Infrahyoid 

group 


Sternohyoid 

Omohyoid: 

Superior belly 
Inferior belly 


Sternoeleidomastoid 



Hyoid bone 

Common earotid artery 
Internal jugular vein 


Thyrohyoid 


Sternothyroid 


Infrahyoid 

group 


eiaviele 


(a) Anterior view 


Stylohyoid 


Hyoglossus 

Mylohyoid 

Digastrie 

(anterior belly) 

Hyoid bone 

Thyrohyoid 

Omohyoid 

(superior belly) 

Sternothyroid 
Sternohyoid 



Digastrie (posterior belly) 

Splenius eapitis 

Inferior pharyngeal eonstrietor 

Sternoeleidomastoid 

Trapezius 
Levator scapulae 

Sealenes 

Omohyoid (inferior belly) 


(b) Lateral view 


Figure 11.7 Muscles of the Neek. Boldfaee labels indieate muscles of the suprahyoid and infrahyoid groups. Another muscle of the 
suprahyoid group, the geniohyoid, lies deep to the mylohyoid and ean be seen in figure 11.5. AP! R 
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TABLE 11.4 


Muscles Aeting on the Head 


Muscles that move the head extend from the vertebral column, thoraeie eage, and peetoral girdle to the eranial bones. Their aetions 
include flexion (tipping the head forward), lateral flexion (tilting the head to one side), extension (holding the head ereet), hyperextension 
(as in looking upward), and rotation (turning the head to look left or right). Flexion, extension, and hyperextension involve simultaneous 
aetion of the right and left muscles of a pair; the other aetions require the muscle on one side to eontraet more strongly than its mate. Many 
head aetions result from a eombination of these movements—for example, looking up over the shoulder involves a eombination of rotation 
and hyperextension. 

Depending on the relations of the muscle attaehments, a muscle may cause a eontralateral 31 movement of the head (toward the opposite 
side, as when eontraetion of a muscle on the left turns the faee toward the right) or an ipsilateral 32 movement (toward the same side as the 
muscle, as when eontraetion of a muscle on the left tilts the head to the left). 

The muscles of head movement are innervated mainly by eervieal spinal nerves, with some contribution from CN XI (the aeeessory 
nerve) and thoraeie nerves. 


Flexors of the Neek. The prime mover of neek flexion is the sternoeleidomastoid, a thiek muscular eord that extends from the upper ehest 
(sternum and elaviele) to the mastoid proeess behind the ear (fig. 11.7). This is most easily seen when the head is rotated to one side and slightly 
extended. To visualize the aetion of a single sternoeleidomastoid, plaee the index finger of your left hand on your left mastoid proeess and the 
index finger of your right hand on your suprasternal noteh. Now eontraet your left sternoeleidomastoid to bring your two fingertips as elose 
together as possible. You will see that this tilts your head so that your left ear approaehes the shoulder and you look toward the right and 
slightly upward. 

The three sealenes 33 (anterior, middle, and posterior), loeated on the side of the neek, are named for being arranged somewhat like a 
stairease. Their aetions are similar so they are eonsidered eolleetively. 


Name 


Aetion 


Skeletal Attaehments 


Innervation 


Sternoeleidomastoid 34 

(STIR-no-CLY-do-MAST- 

oyd) 


LJnilateral aetion tilts head slightly upward and 
toward the opposite side, as in looking over 
one’s eontralateral shoulder. The most eommon 
aetion is probably rotating the head to the 
left and right. Bilateral aetion draws the head 
straight forward and down, as when eating or 
reading. Aids in deep breathing when head 
is fixed. 


Manubrium of sternum, medial 
one-third of elaviele 
Mastoid proeess and lateral 
half of superior nuchal line 


Aeeessory nerve, 
spinal nerves 
C2-C4 


Sealenes (Anterior, 
Middle, and Posterior) 

(SCAY-leens) 


LJnilateral eontraetion causes ipsilateral flexion 
or eontralateral rotation (tilts head toward same 
shoulder, or rotates faee away), depending on 
aetion of other muscles. Bilateral eontraetion 
flexes neek. If spine is fixed, sealenes elevate ribs 
1-2 and aid in breathing. 


Transverse proeesses of all 
eervieal vertebrae (C1-C7) 
Ribs 1-2 


Anterior rami of 
C3-C8 


Extensors of the Neek. The extensors are loeated mainly in the nuchal region (baek of the neek; ìg. 11.8) and therefore tend to hold the 
head ereet or draw it baek. The trapezius is the most superficial of these. It extends from the nuchal region over the shoulders and halfway 
down the baek (see fig. 11.13). It is named for the faet that the right and left trapezii together form a trapezoidal (diamond) shape. The splenius 
is a deeper, elongated muscle with splenius eapitis and splenius eervieis regions in the head and neek, respeetively. It is nieknamed the 
“bandage muscle” because of the way it wraps around still deeper neek muscles. One of those deeper muscles is the semispinalis, another 
elongated muscle with head, neek, and thoraeie regions. Only the semispinalis eapitis and eervieis are tabulated here; the semispinalis thoraeis 
does not aet on the neek, but is included in table 11.7. 


35 


Trapezius 

(tra-PEE-zee-us) 


Extends neek as in looking up; laterally flexes 
neek. See also roles in scapular movement in 


table 12.1 (p. 296). 


External oeeipital protuberance, 
medial one-third of superior 
nuchal line, nuchal ligament, 
spinous proeesses of vertebrae 
C7-T12 

Aeromion and spine of scapula, 
lateral one-third of elaviele 


Aeeessory nerve 


31 confro = other, opposite; later = side 
32 ipsi = same; iater = side 
33 sco/ = stairease 


34 sterno = ehest, sternum; eleido = hammer, elaviele; mastoid = breastlike, 
mastoid proeess 
35 trapez = table, trapezoid 
















278 


part t wo Siipport and Movement 


TABLE 11.4 


Muscles Aeting on the Head (continued) 


Superior nuchal line 


Semispinalis eapitis 


Sternoeleidomastoid 


Longissimus eapitis ■ 
Longissimus eervieis 


Trapezius 
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Figure 11.8 Muscles of the Shoulder and Nuchal Regions. ; AP| Rj 
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Name 


36 


Splenius Capitis 
(SPLEE-nee-us CAP- 
ih-tiss) and Splenius 
Cervicis 37 
(SIR-vih-sis) 


Aetion 


Aeting unilaterally, produce ipsilateral flexion 
and slight rotation of head; extend head when 
aeting bilaterally 


Skeletal Attaehments 


Inferior half of nuchal ligament, 
spinous proeesses of vertebrae 
C7-T6 

Mastoid proeess and oeeipital bone 
just below the superior nuchal line; 
eervieal vertebrae C1-C2 or C3 


Innervation 


Posterior rami of 
middle eervieal 


nerves 


Semispinalis Capitis 
(SEM-ee-spy-NAY-lis) 
and Semispinalis Cervicis 


Extend and eontralaterally rotate head 


Articular proeesses of vertebrae 
C4-C7, transverse proeesses of 
T1-T6 

Oeeipital bone between nuchal 
lines, spinous proeesses of 
vertebrae C2-C5 


Posterior rami 
of eervieal and 
thoraeie nerves 


^Apply What You Know 

Of the muscles you have studied so far, name three that you 
would eonsider intrinsie muscles of the head and three that you 
would elassify as extrinsic. Explain your reason for eaeh. 


36 splenius = bandage; eopitis = of the head 
37 cervicis = of the neek 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

3. Name two muscles that elevate the upper lip and two that 
depress the lower lip. 

4. Name the four paired muscles of mastieation and state 
where they attaeh to the mandible. 

5. Distinguish between the functions of the suprahyoid and 
infrahyoid muscles. 

6. List the prime movers of neek extension and flexion. 
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Muscles of 
the Trunk 


Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. name and loeate the muscles of respiration and 
explain how they affeet airflow and abdominal 
pressure; 

b. name and loeate the muscles of the abdominal wall, 
baek, and pelvie floor; and 



identify the attaehments, aetion, and innervation of any 
of these muscles. 


In this seetion, we will examine muscles of the tmnk of the body in 
three functional groups eoneerned with respiration, support of the 
abdominal wall and pelvie floor, and movement of the vertebral 
column (tables 11.5-11.8). In the illustrations, you will note some 
major muscles that are not discussed in the assoeiated tables—for 
example, the peetoralis major and serratus anterior. Although they 
are loeated in the tmnk, they aet upon the limbs and limb girdles 
and are therefore discussed in ehapter 12. 


TABLE 11.5 Muscles of Respiration 


We breathe primarily by means of muscles that enelose the thoraeie eavity—the diaphragm and the external intereostal, internal intereostal, and 
innermost intereostal muscles (fig. 11.9). 

The diophrogm is a muscular dome between the thoraeie and abdominal eavities, bulging upward against the base of the lungs. It has 
openings for passage of the esophagus, major blood and lymphatie vessels, and nerves between the two eavities. Its fibers eonverge from the 
margins toward a fibrous eentral tendon. When the diaphragm eontraets, it flattens slightly and enlarges the thoraeie eavity, causing air intake 
(inspirotion); when it relaxes, it rises and shrinks the thoraeie eavity, expelling air (expirotion). 

Three layers of muscle lie between the ribs: the external, internal, and innermost intereostal muscles. The 11 pairs of externoi intereostoi maseies 
constitute the most superficial layer. They extend from the rib tubercle posteriorly almostto the beginning of the eostal eartilage anteriorly. Eaeh one 
slopes downward and anteriorly from one rib to the next inferior one. The 11 pairs of internol intereostol muscles lie deep to the external intereostals 
and extend from the margin of the sternum to the angles of the ribs. They are thiekest in the region between the eostal eartilages and grow thinner 
in the region where they overlap the external intereostals. Their fibers slope downward and posteriorly from eaeh rib to the one below, at nearly 
right angles to the external intereostals. Eaeh is divided into an intercortiloginous port between the eostal eartilages and an interosseous port 
between the ribs proper. The two parts differ in their respiratory roles. The innermost intereostols vary in number, as they are sometimes absent 
from the upper thoraeie eage. Their fibers run in the same direetion as the internal intereostals, and they are presumed to serve the same function. 
intereostal nerves and blood vessels travel through the faseia between the internal and innermost intereostals (see fig. 14.12, p. 385). 

The primary function of the intereostal muscles is to stiffen the thoraeie eage during respiration so that it does not eave inward when the diaphragm 
deseends. However, they also contribute to enlargement and eontraetion of the thoraeie eage and thus add to the air volume that ventilates the lungs. 


Internal 
intereostals 



External 


intereostals 



Xiphoid proeess 
of sternum 

Inferior 
vena eava 

Ribs 

Esophagus 

Central 
tendon 
of diaphragm 

Aorta 

Vertebral 

column 


(b) Inferior view of diaphragm 


(a) Lateral view of intereostal muscles 


Figure 11.9 Muscles of Respiration. §\P|R| 
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TABLE 11.5 


Muscles of Respiration (continued) 


Name 


Aetion 


Skeletal Attaehments 


Innervation 


Diaphragm 

(DY-ah-fram) 


38 


External intereostals 39 

(IN-tur-COSS-tul) 


Internal intereostals 


Innermost intereostals 


Prime mover of inspiration (responsible for about 
two-thirds of air intake); eontraets in preparation 
for sneezing, coughing, erying, laughing, and 
weight lifting; eontraetion eompresses abdominal 
viseera and aids in ehildbirth and expulsion of 
urine and feees. 


When sealenes fix rib 1, external intereostals 
elevate and protraet ribs 2-12; this expands the 
thoraeie eavity and ereates a partial vacuum, 
causing inflow of air. Exercise a braking aetion 
during expiration so that expiration is not overly 
abrupt. 


In inspiration, the intercartilaginous part aids in 
elevating the ribs and expanding the thoraeie 
eavity. In expiration, the interosseous part 
depresses and retraets the ribs, eompressing 
the thoraeie eavity and expelling air. The latter 
occurs only in forceful expiration, not in relaxed 
breathing. 


Xiphoid proeess of sternum; 
ribs and eostal eartilages 7-12; 
lumbar vertebrae 
Central tendon of diaphragm 


Phrenie nerves 


Inferior margins of ribs 1-11 
Superior margin of next 
lower rib 


Superior margins and eostal 
eartilages of ribs 2-12; margin 
of sternum 

Inferior margin of next 
higher rib 


Presumed to have the same aetion as the internal 
intereostals. 


intereostal nerves 


intereostal nerves 


intereostal nerves 


• Superomedial surface of ribs 
2-12; may be absent from 
upper ribs 

• Medial edge of eostal groove 
of next higher rib 

Many other muscles of the ehest and abdomen contribute signifieantly to breathing (see Deeper Insight 11.1); the sternoeleidomastoid and 
sealenes of the neek; peetoralis major and serratus anterior of the ehest; serratus posterior superior and serratus posterior inferior of the baek; 
latissimus dorsi of the lower baek; internal and external abdominal obliques and transverse abdominal muscle; and even some of the anal 
muscles. The respiratory aetions of all these muscles are deseribed in ehapter 23. 



Difficulty Breathing 

Asthma, emphysema, heartfailure, and other eonditions ean cause 
dyspneo, difficulty eatehing one’s breath. People with dyspnea 
make inereased use of aeeessory muscles to aid the diaphragm 
and intereostals in breathing, and often lean on a table or ehair 
baek to breathe more deeply. This aetion fixes the elavieles and 
scapulae so that aeeessory muscles such as the peetoralis major 
and serratus anterior (see ehapter 12) move the ribs instead of the 
bones of the peetoral girdle. 


Apply What You Know 

What muscles are eaten as “spare ribs”? What is the tough 
fibrous membrane between the meat and the bone? 


38 dio = aeross; phrogm = partition 
39 inter = betvveen; eosto = rib 
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TABLE 11.6 


Muscles of the Anterior Abdominal Wall 


Llnlike the thoraeie eavity, the abdominal eavity has little skeletal 
support. It is enelosed, however, in layers of broad flat muscles 
whose fibers run in different direetions, strengthening the 
abdominal wall on the same prineiple as the alternating layers of 
plywood. Three layers of muscle enelose the lumbar region and 
extend about halfway aeross the anterior abdomen (fig. 11.10). 

The most superficial layer is the externol obdominol oblique. Its 
fibers pass downward and anteriorly. The next deeper layer is 
the internol obdominol oblique , whose fibers pass upward and 
anteriorly, roughly perpendicular to those of the external oblique. 
The deepest layer is the tronsverse obdominol (tronsversus 
obdominis), with horizontal fibers. Anteriorly, a pair of vertieal 
rectus obdominis muscles extend from sternum to pubis. These 
are divided into segments by three transverse tendinous 
interseetions, giving them an appearanee that bodybuilders 
niekname the “six paek.” 

The tendons of the oblique and transverse muscles are 
oponeuroses— broad fibrous sheets that continue medially and 
inferiorly (figs. 11.11 and 11.12). At the rectus abdominis, they diverge 
and pass around its anterior and posterior sides, enelosing the 
muscle in a vertieal sleeve ealled the rectus sheath. They meet 
again at a median line ealled the linea alba between the rectus 
muscles. Another line, the linea semilunaris, marks the lateral 
boundary where the rectus sheath meets the aponeurosis. The 
aponeurosis of the external oblique also forms a eordlike inguinal 
ligament at its inferior margin. This extends obliquely from the 
anterior superior spine of the ilium to the pubis. The linea alba, 
linea semilunaris, and inguinal ligament are externally visible on a 
person with good muscle definition (see fig. A.8, p. 338). 





Posterior 





Muscles: 


External abdominal oblique 
Internal abdominal oblique 
Transverse abdominal 



Anterior 


Peritoneum 



Subcutaneous fat 


Aponeurosis of 

Transverse abdominal 
Internal abdominal oblique 
External abdominal oblique 


Figure 11.10 eross Seetion of the Anterior Abdominal Wall. 


Name 


Aetion 


Skeletal Attaehments 


Innervation 


External Abdominal 
Oblique 


Supports abdominal viseera against pull of 
gravity; stabilizes vertebral column during heavy 
lifting; maintains posture; eompresses abdominal 
organs, thus aiding in forceful expiration and loud 
voealization as in singing and public speaking; aids 
in ehildbirth, urination, defeeation, and vomiting. 
LJnilateral eontraetion causes eontralateral rotation 
of waist. 


Ribs 5-12 

Anterior half of iliae erest, 
pubic symphysis, and superior 
margin of pubis 


Anterior rami of 
spinal nerves 
T7-T12 


Internal Abdominal 
Oblique 


Same as external oblique except that unilateral 
eontraetion causes ipsilateral rotation of waist 


lnguinal ligament, iliae erest, 
and thoracolumbar faseia 
Ribs 10-12, eostal eartilages 
7-10, pubis 


Anterior rami of 
spinal nerves 


I7-L1 


Transverse Abdominal 


Rectus 40 Abdominis 
(REC-tus ab-DOM-ih-nis) 


Compresses abdominal eontents, with same effeets 
as external oblique, but does not contribute to 
movements of vertebral column 


Flexes lumbar region of vertebral column; flexes 
waist as in bending forward or doing sit-ups; 
stabilizes pelvie region during walking; eompresses 
abdominal viseera 


lnguinal ligament, iliae erest, 
thoracolumbar faseia, eostal 
eartilages 7-12 

Linea alba, pubis, aponeurosis 
of internal oblique 


Pubic symphysis and superior 
margin of pubis 
Xiphoid proeess, eostal 
eartilages 5-7 


Anterior rami of 
spinal nerves 


I7-L1 


Anterior rami of 
spinal nerves 
T6-T12 


40 rectus = straight 
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TABLE 11.6 Muscles of the Anterior Abdominal Wall (continued) 



Tendinous interseetions 


Umbilicus- 

Linea alba- 

Aponeurosis of- 

external oblique 

lnguinal ligament- 

Superficial inguinal ring 
Spermatie eord- 



External oblique 


Internal oblique 


Transversus abdominis 


Rectus abdominis 


Figure 11.11 Thoraeie and Abdominal Muscles of the Cadaver. The rectus sheath is removed on the anatomieal left to expose the left 
rectus abdominis muscle. lnsetshows area of disseetion. 


© McGraw-Hill Education/Photo and Disseetion by Christine Eekel 






















TABLE 11.6 


Muscles of the Anterior Abdominal Wall (continued) 


Peetoralis major 


Tendinous 


interseetions 


Rectus sheath 


Umbilicus 
Linea semilunaris 
Linea alba 


Aponeurosis of 
external abdominal 
oblique 



Latissimus dorsi 


Serratus anterior 


Rectus sheath (cut edges) 


Transverse abdominal 


Internal abdominal 
oblique (cut) 

External abdominal 
oblique (cut) 

Rectus abdominis 


lnguinal ligament 


(a) Superficial 


Peetoralis minor 


Serratus anterior 


Rectus sheath 


Internal abdominal 
oblique 


lnguinal ligament 



Subclavius 


Peetoralis minor (cut) 


Internal intereostals 


External intereostals 
Rectus abdominis (cut) 


External abdominal 
oblique (cut) 


Internal abdominal 
oblique (cut) 


Posterior wall of rectus sheath 
(rectus abdominis removed) 


Transverse abdominal (cut) 


(b) Deep 

Figure 11.12 Thoraeie and Abdominal Muscles. (a) Superficial muscles. The left rectus sheath is cut away to expose the rectus abdominis 
muscle. (b) Deep muscles. On the anatomieal right, the external abdominal oblique has been removed to expose the internal abdominal oblique, 
and the peetoralis major has been removed to expose the peetoralis minor. On the anatomieal left, the internal abdominal oblique has been cut 
to expose the transverse abdominal, and the middle of the rectus abdominis has been cut out to expose the posterior rectus sheath. 

Nome at leost three muscles thot lie deep to the peetoralis moj'or. APIR 
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TABLE 11.7 Muscles of the Baek 


Muscles of the baek primarily extend, rotate, and laterally flex the vertebral column. The most prominent superficial baek muscles are the latissimus 
dorsi and trapezius (fig. 11.13), but they are eoneerned with upper limb movements and eovered in ehapter 12. Deep to these are the serrotus posterior 
superior and inferior (fig. 11.14). They extend from the vertebrae to the ribs. They aid in deep breathing and are discussed in ehapter 23. 

Deep to these is a prominent muscle, the ereetor spinoe, which runs vertieally for the entire length of the baek from the cranium to the saemrn. 

It is a thiek muscle, easily palpated on eaeh side of the vertebral column in the lumbar region. (Pork ehops and T-bone steaks are ereetor spinae 
muscles.) As it aseends, it divides in the upper lumbar region into three parallel columns (figs. 11.14 and 11.15). The most lateral of these is the 
ilioeostolis , 41 which is divided from inferior to superior into the ilioeostolis lumborum, ilioeostolis thoroeis, and ilioeostolis eervieis (lumbar, thoraeie, 
and eervieal regions). The next medial column is the longissimus, 42 divided from inferior to superior into the longissimus thoroeis, longissimus eervieis, 
and longissimus eopitis (thoraeie, eervieal, and eephalie regions). The most medial column is the spinolis, divided into spinolis thoroeis, spinolis 
eervieis, and spinolis eopitis. The functions of all three columns are sufficiently similar that we will treat them eolleetively as the ereetor spinae. 

The major deep muscles are the semispinolis thoroeis in the thoraeie region and quodrotus lumborum in the lumbar region. The ereetor spinae and 
quadratus lumborum are enelosed in a fibrous sheath ealled the thoracolumbar faseia, an attaehmentfor some of the abdominal and lumbar muscles. 
The multifidus is a eolleetive name for a series of tiny muscles that eonneet adjaeent vertebrae to eaeh other from the eervieal to lumbar region. 


Figure 11.13 Neek, Baek, and Gluteal 

Muscles. The most superficial muscles are 
shown on the left and the next deeper layer 

on the right. APIR 


Superficial 



Deep 



Sternoeleidomastoid 


Trapezius 


Deltoid 


Ereetor spinae 


Latissimus 

dorsi 



External abdominal 
oblique 

Thoracolumbar 
faseia 


Gluteus medius 


Gluteus maximus 


Semispinalis eapitis 

Splenius eapitis 

Levator scapulae 

Rhomboid minor 
Rhomboid major 
Supraspinatus 

lnfraspinatus 
Teres minor 

Teres major 

Serratus anterior 

Serratus posterior 
inferior 

External abdominal 
oblique 


Internal abdominal 
oblique 


Gluteus minimus 


Lateral rotators 


41 ///o = ilium of the hip bone; eostalis = pertaining to the ribs 


42 longissimus = longest 
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TABLE 11.7 


Muscles of the Baek (eontirmed) 


Name 


43 


Ereetor Spinae 

(eh-REC-tur SPY-nee) 


Semispinalis Thoraeis 

(SEM-ee-spy-NAY-liss 

tho-RA-sis) 


Aetion 


Maintains posture; straightens spine after one 
bends at the vvaist; arehes baek; laterally flexes 
vertebral column; longissimus eapitis also 
produces ipsilateral rotation of the head 


Extension and eontralateral rotation of vertebral 
column 


Skeletal Attaehments 


Nuchal ligament, ribs 3-12, 
thoraeie and lumbar vertebrae, 
median and lateral saeral 
erests, thoracolumbar faseia 
Mastoid proeess, eervieal and 
thoraeie vertebrae, and all ribs 

Vertebrae T6-T10 
Vertebrae C6-T4 


Innervatìon 


Posterior rami of 
eervieal to lumbar 
spinal nerves 


Posterior rami 
of eervieal and 
thoraeie spinal 
nerves 


Figure 11.14 Muscles Aeting on the Vertebral 

Column. Those on the right are deeper than those 

on the left. APFt 


Superior nuchal line 


Longissimus eapitis 


Splenius eapitis 


Serratus posterior 
superior 


Splenius eervieis 
Ereetor spinae: 


llioeostalis 


Longissimus 
Spinalis 


Serratus posterior inferior 


Internal abdominal 
oblique 

External abdominal 
oblique (cut) 



Semispinalis eapitis 


Semispinalis eervieis 


Semispinalis 

thoraeis 


Multifidus 

Quadratus lumborum 


43 erector = that vvhieh straightens; spinoe = of the spine 










































TABLE 11.7 

Miiseles of the Baek (continued) 



Name 

Aetion 

Skeletal Attaehments 

Innervation 

Quadratus Lumborum 44 

(quad-RAY-tus 

lum-BORE-um) 

Aids respiration by fixing rib 12 and stabilizing 
inferior attaehments of diaphragm. LJnilateral 
eontraetion causes ipsilateral flexion of lumbar 
vertebral column; bilateral eontraetion extends 

lumbar vertebral column. 

• lliae erest, iliolumbar ligament 

• Rib 12 and vertebrae L1-L4 

Anterior rami of 
spinal nerves 

T12-L4 

Multifidus 45 

(mul-TIFF-ih-dus) 


Stabilization of adjaeent vertebrae, maintenanee 
of posture, eontrol of vertebral movement when 
ereetor spinae aets on vertebral column 

• Vertebrae C4-L5, posterior 
superior iliae spine, saemrn, 
aponeurosis of ereetor spinae 

• Laminae and spinous 
proeesses of vertebrae 

Posterior rami of 

eervieal to lumbar 
spinal nerves 


Figure 11.1 Deep Baek Muscles 


of the Cadaver. 


Trapezius 


Ribs 


External intereostals 


Ereetor spinae: 
Spinalis thoraeis 


llioeostalis thoraeis 


Longissimus thoraeis 


Latissimus dorsi 


llioeostalis lumborum 


Thoracolumbar faseia 




D E E P 



R I N S I G H T 



Heavy Lifting and Baek lnjuries 

When a skeletal muscle is excessively stretehed, its sareomeres 
are so stretehed that its thiek and thin myofilaments have little 
or no overlap. When such a muscle is stimulated to eontraet, 
few of the myosin heads are able to attaeh to the aetin filaments 
(see ehapter 10), the eontraetion is very weak, and the muscle and 
eonneetive tissues are subject to injury. 

When you are fully bent over forward, as in touching your toes, 
the ereetor spinae is extremely stretehed. Standing up from such a 
position is therefore initiated by the hamstring muscles on the baek 


of the thigh and the gluteus maximus of the buttocks. The ereetor 
spinae joins in the aetion when it is partially eontraeted. Stand- 
ing too suddenly or improperly lifting a heavy weight, however, 
ean strain the ereetor spinae, cause painful muscle spasms, tear 
tendons and ligaments of the lower baek, and rupture interver- 
tebral dises. The lumbar muscles are adapted for maintaining 
posture, not for lifting. This is why it is important, in heavy lifting, 
to bend at the knees and use the powerful extensor muscles of 
the thighs and buttocks to lift the load. 


44 quadrat = four-sided; lumborum = of the lumbar region 


45 multi = many; fid = branehed, seetioned 










































chapter eleven The Muscular System II: Axial Musculature 


287 


TABLE 11.8 

Muscles of the Pelvie Floor 

The floor of the pelvie eavity is formed mainly by an extensive muscle ealled the levotor ani. Inferior to this is the perineum (PERR-ih-NEE-um), a 
diamond-shaped area betvveen the thighs bordered by four bony landmarks: the pubic symphysis anteriorly, the coccyx posteriorly, and the isehial 
tuberosities laterally. The pelvie floor and perineum are penetrated by the anal eanal, urethra, and vagina. The anterior half of the perineum is the 
urogenital triangle and the posterior half is the anal triangle (fig. 11.16b). These are espeeially important landmarks in obstetries. The urogenital 
triangle is divided into tvvo muscle eompartments separated by a strong fibrous perineal membrane. The muscle eompartment betvveen this 
membrane and the skin is ealled superficial perineal spaee, and the eompartment betvveen the perineal membrane and levator ani is the deep 
perineal spaee. We vvill examine these structures beginning inferiorly, just beneath the skin, and progressing superiorly to the pelvie floor. 

Superficial Perineal Spaee. The superficial perineal spaee ( 1.16a) eontains three pairs of muscles: the ischiocavernosus, bulbospongiosus, 

and superficial transverse perineal. In females, this spaee also eontains the elitoris; various glands and ereetile tissues of the genitalia 
(see fig. 26.20, p. 725); and adipose tissue, vvhieh extends into and fattens the mons pubis and labia majora. In males, it eontains the root of the penis. 
The isehioeavernosijs muscles eonverge like a V from the isehial tuberosities tovvard the penis or elitoris. In males, the bulbospongiosus 
(bulbocavernosus) muscles form a sheath around the root of the penis, and in females they enelose the vagina like a pair of parentheses. 
Cavernosus in these names refers to the spongy, cavernous structure of tissues in the penis and elitoris. The superficial transverse perineal 
muscles extend from the isehial tuberosities to a strong median fibromuscular anehorage, the perineal body, and a median seam ealled the 
perineal raphe (RAY-fee) that extends anteriorly from the perineal body. The muscles may help to anehor the perineal body, but they are vveakly 
developed and not alvvays present, therefore not tabulated belovv. The other tvvo muscle pairs of this layer serve primarily sexual functions. 

Name 

Aetion 

Skeletal Attaehments 

Innervation 

lschiocavernosus 46 

(ISS-kee-oh-CAV-er-NO- 

sus) 

Bulbospongiosus 47 

(BUL-bo-SPUN-jee-OH- 

sus) 

Maintains ereetion of penis or elitoris by 
eompressing deep structures of the organ and 
foreing blood forvvard into its body 

Expels residual urine from urethra after bladder has 
emptied. Aids in ereetion of penis or elitoris. In males, 
spasmodie eontraetions expel semen during 
ejaculation. In females, eontraetions eonstriet vaginal 
orifiee and expel seeretions of greater vestibular glands. 

• Ramus and tuberosity of ischium 

• Ensheaths internal structures of 
penis or elitoris 

• Perineal body and median 
raphe 

• Male: Ensheaths root of penis 
Female: Pubic symphysis 

Pudendal nerve 

Pudendal nerve 

Deep Perineal Spaee. The deep perineal spaee (fig. 11.16b) eontains a pair of deep tronsverse perineal muscles and, in females only, the 
eompressor urethrae muscles. The deep transverse perineal muscles anehor the perineal body on the median plane; the perineal body, in turn, 
anehors other pelvie muscles. The female external urethral sphineter, long thought to be part of the deep perineal spaee, is novv regarded as 
part of the urethra itself and not part of the pelvie floor musculature. 

Deep Transverse Perineal 

Compressor Urethrae 

Anehors perineal body, vvhieh supports other pelvie 
muscles; supports vaginal and urethral eanals 

Aids in urine retention; found in female only 

• lschiopubic rami 

• Perineal body 

• lschiopubic rami 

• Right and left eompressor 
urethrae meet eaeh other inferior 
to external urethral sphineter 

Pudendal nerve 

Pudendal nerve; 
spinal nerves 

S2-S4; pelvie 
splanehnie nerve 

Anal Triangle. The anal triangle eontains the external anal sphineter and anoeoeeygeal ligament (fig. 11.16b). The external anal sphineter is 
a tubular muscle surrounding the lovver anal eanal. The anoeoeeygeal ligament is the median attaehment of the levator ani muscles, and the 
ligament, in turn, leads to the coccyx. It is therefore a major anehorage for the structures that eompose the pelvie floor. 

External Anal Sphineter 

Retains feees in rectum until voluntarily voided 

• Coccyx, perineal body 

• Eneireles anal eanal and orifiee 

Pudendal nerve; 
spinal nerves 

S2-S4; pelvie 
splanehnie nerve 

Pelvie Diaphragm. The pelvie diaphragm ( ig. 11.16c) is deep to the foregoing structures and is eomposed mainly ofthe right and left levator ani 
muscles. (The piriformis, also illustrated, is primarily a lovver limb muscle.) The levator ani spans most of the pelvie outlet and forms the floor of the lesser 
(true) pelvis. It is divided into three portions that are sometimes regarded as separate muscles—the ischiococcygeus (or coccygeus), iliococcygeus, and 
pubococcygeus. The left and right levator ani muscles eonverge on the anoeoeeygeal ligament, through vvhieh they are indireetly anehored to the coccyx. 

Levator Ani 48 
(leh-VAY-tur AY-nye) 

Compresses anal eanal and reinforees external 
anal and urethral sphineters; supports uterus 
and other pelvie viseera; aids in the falling avvay 
of the feees; vertieal movements affeet pressure 
differenees betvveen abdominal and thoraeie 
eavities and thus aid in deep breathing. 

• Inner surface of lesser pelvis from 
pubis through margin of obturator 
internus to spine of ischium 

• Coccyx via anoeoeeygeal body; 
vvalls of urethra, vagina, and 
anal eanal 

Pudendal nerve; 
spinal nerves 

S2-S3 


46 ischio = isehiiim of the hip bone; covernosus = corpus cavernosum of the penis or elitoris 
47 bulbo = bulb of the penis; spongiosus = corpus spongiosum of the penis 
48 /evof = to elevate; oni = of the anus 
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TABLE 11.8 


Muscles of the Pelvie Floor (continued) 





á' 




Perineal body 


Superficial 


transverse perineal 


Coccyx 


eiitoris 


Vagina 


Perineal body 


Deep transverse 
perineal 


External anal 
sphineter 


Pubic symphysis 


Levator ani: 
Pubococcygeus 

lliococcygeus — 


lschiococcygeus 


Piriformis 


Nerve roots 



(a) Superficial perineal spaee, inferior view, male 



(b) Deep perineal spaee, inferior view, female 



lschiocavernosus 


Bulbospongiosus 


Levator ani 


Gluteus maximus 


Llrogenital triangle 


Llrethra 


Compressor urethrae 


Anus 


Anal triangle 


Llrethra 

Vagina 

Rectum 

Faseia of 
obturator internus 

Anoeoeeygeal body 

Sacrum 


(e) Pelvie diaphragm, superior view, female 


Figure 11.16 Muscles of the Pelvie Floor. (a) The superficial perineal spaee, male, viewed from below (the inferior aspeet). (b) The 
deep perineal spaee, female, viewed from the same perspeetive. Other than the vaginal eanal, the sexes are nearly identieal at this 
level, including the urogenital and anal triangles. The root of the penis does not extend to this level. (e) The pelvie diaphragm, female, 
viewed from above (from within the pelvie eavity). 
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DEEPER INSIGHT 


Hernias 



A hernia is any eondition in which the viseera protrude through 
a weak point in the muscular wall of the abdominopelvie eavity. 
The most eommon type to require treatment is an inguinol 
hernio (fig. 11.17). In the male fetus, eaeh testis deseends from 
the pelvie eavity into the scrotum by way of a passage ealled 
the inguinol eonol through the muscles of the groin. This eanal 
remains a weak point in the pelvie floor, espeeially in infants 
and ehildren. When pressure rises in the abdominal eavity, it 
ean foree part of the intestine or bladder into this eanal or even 
into the scrotum. This also sometimes occurs in men who hold 
their breath while lifting heavy weights. When the diaphragm 
and abdominal muscles eontraet, pressure in the abdominal 
eavity ean soar to 1,500 pounds per square ineh—more than 
100 times the normal pressure and quite sufficient to produce 
an inguinal hernia, or “rupture.” Inguinal hernias rarely occur 
in women. 

Two other sites of hernia are the diaphragm and navel. A 
hiotolhernio is a eondition in which part of the stomaeh protrudes 
through the diaphragm into the thoraeie eavity. This is most eom- 
mon in overweight people over age 40. It may cause heartburn 
due to the regurgitation of stomaeh aeid into the esophagus, but 
most eases go undetected. In an umbilicol hernio, abdominal 
viseera protrude through the navel. 






Aponeurosis of external 
abdominal oblique 
muscle 

lnguinal eanal 



Figure 11.1 lnguinal Hernia. A loop of small intestine has 


protruded through the inguinal eanal into a spaee beneath the skin. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

7. Which muscles are used more often, the external intereostals 
or internal intereostals? Explain. 

8. Explain how pulmonary ventilation affeets abdominal pres- 
sure, and viee versa. 

9. Name a major superficial muscle and two major deep muscles 
of the baek. 

Define perineum, urogenitol triongle, and onol triongle. 

Name one muscle in the superficial perineal spaee, one in 
the urogenital diaphragm, and one in the pelvie diaphragm. 
State the function of eaeh. 



10 . 

11 . 
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Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

General 

1. For all muscles named in this study guide, 
and to the extent speeified by your course 
or instructor, an ability to loeate the mus- 
ele on a model, photograph, diagram, or 
disseetion; to palpate the muscle or its ten- 
dons on the living body; and to identify its 
attaehments, innervation, and aetions 

11.1 Learning Approaehes (p. 264) 

1. Ability to translate words eommonly used 
in the naming of muscles and denoting 
such eharaeteristies as muscle size, shape, 
loeation, number of heads, orientation, and 
aetion (table 11.1) 

2. The meaning of muscle innervation; the 
relationship of eranial and spinal nerves to 
the muscles; and the eommon symbols for 
these nerves 

11.2 Muscles of the Head and Neek (p. 268) 

1. Two sealp muscles—the frontalis and 
oeeipitalis —and their relationship to the 
galea aponeurotica (table 11.2) 

2. Three rmiseles of the ocular region—the 
orbicularis oculi, levatorpalpebrae superi- 
oris, and eormgator supercilii (table 11.2) 

3. The nasalis muscle of the nasal region 
(table 11.2) 

4. The loeation of the modiolus and how it is 
related to rmiseles of the oral and buccal 
regions 

5. Nine muscles of the oral region—the 
orbicularis oris, levator labii superioris, 


levator anguli oris, zygomaticus major and 
minor, risorius, depressor anguli oris, and 
depressor labii inferioris (table 11.2) 

6. Three rmiseles of the eheek, ehin, and ante- 
rior neek—the mentalis, buccinator, and 
platysma (table 11.2) 

7. The differenee between the intrinsie and 
extrinsic muscles of the tongue 

8. Four extrinsic tongue muscles—the genio- 
glossus, hyoglossus, styloglossus, and pal- 
atoglossus (table 11.3) 

9. Four muscles of chewing—the temporalis, 
masseter, medial pterygoid, and lateral 
pterygoid (table 11.3) 

10. The differenee between the suprahyoid and 
infrahyoid muscle groups 

11. Four muscles in the suprahyoid group— 
the digastrie, geniohyoid, mylohyoid, and 
stylohyoid (table 11.3) 

12. Four muscles of the infrahyoid group—the 
omohyoid, sternohyoid, thyrohyoid, and 
sternothyroid (table 11.3) 

13. The three pharyngeal eonstrietors and 
their role in swallowing (table 11.3) 

14. Four flexor muscles of the neek—the ster- 
noeleidomastoid and three sealene muscles 

15. Loeations of the anterior and posterior 
triangles of the neek in relation to the 
sternoeleidomastoid 

16. Five major extensors of the neek—the tra- 
pezius, splenius eapitis, splenius eervieis, 
semispinalis eapitis, and semispinalis eer- 
vieis (table 11.4) 

11.3 Muscles of the Trunk (p. 279) 

1. The diaphragm and the three layers of 
intereostal rmiseles— external, internal, 
and innermost intereostals (table 11.5) 


2. The contributions of other thoraeie and 
abdominopelvie muscles to breathing 

3. The four prineipal muscles that form the 
abdominal wall—the external abdomi- 
nal oblique, internal abdominal oblique, 
transverse abdominal, and rectus abdomi- 
nis (table 11.6) 

4. The relationship of the abdominal rmiseles 
to the rectus sheath, inguinal ligament, 
linea alba, and linea semilunaris 

5. The ereetor spinae and its three eolmnns— 
the ilioeostalis, longissimus, and thora- 
eis —and the regional subdivisions of eaeh 
column (lumbar, thoraeie, eervieal, and 
eephalie, with variations from one column 
to another) (table 11.7) 

6. The semispinalis thoraeis, quadratus lum- 
borum, and multifidus (table 11.7) 

7. The thoraeohimbar faseia and its relation- 
ship to the ereetor spinae and quadratus 
lumborum 

8. The boundaries of the perineum; its two 
triangles; and its two muscle eompartments 

9. The two main rmiseles of the superficial 
perineal spaee—the ischiocavernosus and 
bulbospongiosus (table 11.8) 

10. The deep perineal spaee and its prinei- 
pal muscle, the deep transverse perineal 
muscle (table 11.8); how the sexes differ in 
anatomy of the deep perineal spaee 

11. The one rmisele of the anal triangle—the 
external anal sphineter —and signifieanee 
of the anoeoeeygeal ligament 

12. The pelvie diaphragm and its levator ani 
muscles 


Testing Your Reeall 


1. Which of the following muscles is the prime 
mover in spitting out a mouthful of liquid? 

a. platysma 

b. buccinator 
e. risorius 

d. masseter 

e. palatoglossus 


2. The word_in a muscle name indi- 

eates a function related to the head. 

a. eervieis 

b. earpi 
e. eapitis 

d. halhieis 

e. teres 


3. Which of these is not a suprahyoid muscle? 

a. genioglossus 

b. geniohyoid 
e. stylohyoid 

d. mylohyoid 

e. digastrie 
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4. Which of these muscles is an extensor of 
the neek? 

a. external oblique 

b. sternoeleidomastoid 
e. splenius eapitis 

d. ilioeostalis 

e. latissinms dorsi 

5. Which of these muscles of the pelvie floor 
is the deepest? 

a. superficial transverse perineal 

b. bulbospongiosus 
e. ischiocavernosus 

d. deep transverse perineal 

e. levator ani 

6. The faeial nerve supplies all of the follow- 
ing nmseles except 

a. the frontalis. 

b. the orbicularis oculi. 
e. the orbicularis oris. 

d. the depressor labii inferioris. 

e. the mylohyoid. 

7. The_produce(s) lateral grinding 

movements of the jaw. 

a. pterygoids 

b. temporalis 


e. hyoglossus 

d. zygomaticus major and minor 

e. risorius 

8. All of the following muscles aet on the 
vertebral column except 

a. the serratus posterior superior. 

b. the ilioeostalis thoraeis. 
e. the longissiimis thoraeis. 

d. the spinalis thoraeis. 

e. the multifidus. 

9. A muscle that aids in chewing without 
moving the mandible is 

a. the temporalis. 

b. the mentalis. 
e. the buccinator. 

d. the levator anguli oris. 

e. the splenius eervieis. 

10. Which of the following imiseles raises the 
upper lip? 

a. levator palpebrae superioris 

b. orbicularis oris 
e. masseter 

d. zygomaticus minor 

e. mentalis 


11. The prime mover of spinal extension is the 


12. Ejaculation results from eontraetion of the 
_muscle. 

13. The muscle that opens your eyes is the 


14. As its name implies, the_nerve eon- 

trols several muscles of the tongue. 

15. The_muscle, named for its two bel- 

lies, opens the mouth. 

16. The anterior half of the perineum is a 

region ealled the_. 

17. The abdominal aponeuroses eonverge on 

a median fibrous band on the abdomen 
ealled the_. 

18. The thyrohyoid muscle attaehes to the thy- 

roid eartilage of the_. 

19. The_imiseles diverge like a V from 

the middle of the upper thorax to attaeh- 
ments behind the ears. 

20. The largest imisele of the upper baek is the 


Answers in appendix A 


Biiilding Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 

4. apo- 

9. glosso- 


following word elements, and give a term in 

5. oris 

10. di- 


which it is used. 

6. digito- 



1. delt- 

2. levat- 

3. oculo- 

7. labio- 

8. ipsi- 


Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. The sternoeleidomastoid muscle aets 
mainly as a fixator of the sternum. 

2. The largest deep muscle of the lower baek 
is the quadratus lumborum. 

3. The muscle used to stiek out your tongue is 
the genioglossus. 


4. The abdominal oblique nmseles rotate the 
vertebral column. 

5. Exhaling requires eontraetion of the inter- 
nal intereostal muscles. 

6. The digastrie muscles form the floor of the 
mouth. 

7. The sealenes are superficial to the 
trapezius. 


8. Cutting the phrenie nerves would paralyze 
the prime mover of respiration. 

9. The orbicularis oculi and orbicularis oris 
are sphineters. 

10. All of the eranial nerves innervate muscles 
of the head and neek. 

Answers in appendix A 
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Testing Your Comprehension 


1. Name one antagonist of eaeh of the fol- 
lowing muscles: (a) orbicularis oculi, 

(b) genioglossus, (c) masseter, (d) sterno- 
eleidomastoid, (e) rectus abdominis. 

2. Name one synergist of eaeh of the follow- 
ing muscles: (a) temporalis, (b) diaphragm, 

(c) platysma, (d) semispinalis eapitis, 
(e) bulbospongiosus. 

3. Dental procedures, vaeeination, HIV infee- 
tion, and some other infeetions oeeasion- 
ally injure branehes of the faeial nerve and 


weaken or paralyze the affeeted rmiseles. 
Prediet the problems that a person would 
have if the orbicularis oris and buccinator 
muscles were paralyzed by such a nerve 
lesion. 

4. Removal of cancerous lymph nodes from 
the neek sometimes requires removal of 
the sternoeleidomastoid on that side. How 
would this affeet a patient’s range of head 
movement? 


5. Deeper Insight 10.2 (p. 249) remarked 
that the Food and Drug Administration 
approved Botox Cosmetic only for the treat- 
ment of frown lines between the eyebrows. 
From the knowledge you have gained in 
this ehapter, name the muscles into which a 
physieian following those guidelines would 
injeet Botox. 
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T he appendicular musculature includes not only the 

muscles of the upper and lower limbs (appendages), but 
also several prominent muscles of the trunk that aet on the 
limbs. In most vertebrate animals, these muscles serve for little 
more than loeomotion, with such exceptions as digging (moles) 
and limited manipulation of objeets (squirrels, raeeoons). The 
upright loeomotion of humans, however, has been assoeiated 
with a number of evolutionary ehanges—large, heavily muscled 
lower limbs for standing, walking, and mnning, and upper limbs 
that have less muscular bulk but more mobile joints and an array 
of smaller muscles adapted for elimbing and, more importantly, 
preeise manipulation of objeets. In this ehapter, we examine 
the four major groups of appendicular muscles—those of the 
peetoral girdle, upper limb, pelvie girdle, and lower limb. We also 
eonsider several muscle injuries, which are more eommon in the 
appendicular region than in the axial region. 



Muscles Aeting on the 

Shoulder and Upper Limb 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be 
able to 

a. explain what muscle eompartments are and deseribe 
how they are separated from eaeh other; 

b. name and loeate the muscles that aet on the shoulder, 
arm, forearm, wrist, and hand; 

e. relate the aetions of these muscles to the joint 
movements deseribed in ehapter 9; and 
d. deseribe the attaehments and innervation of eaeh 
muscle. 


Muscle Groups and Compartments 

The upper and lower limbs have numerous muscles that serve 
primarily for movement of the body and manipulation of objeets. 
Although their number presents a learning ehallenge, they are 
arranged in logieal groups that make their functional relationships 
easier to understand. Their names alone are often helpful indiea- 
tions of their functions and loeations. For example, flexor earpi 
lilnaris translates “flexor of the wrist (assoeiated with) the ulna.” 
As a flexor, it is found on the anterior side of the forearm so it ean 
bend the wrist anteriorly, and the name further tells us that it is on 
the ulnar (medial) side of the forearm. You may find it helpful to 
review table 11.1 (p. 265) on the naming of muscles and to pay 
attention to the footnotes in this ehapter until such terms as flexor 
and ulnaris beeome intuitively easy to remember. 


In the limbs, fibrous sheets of eonneetive tissue, th tfaseiae, 
enelose spaees ealled eompartments. Eaeh eompartment 
eontains one or more functionally related muscles along with 
their nerve and blood supplies (fig. 12.1). We have already 
seen such eompartmentalization in the abdominal wall and 
pelvie floor (ehapter 11). In the ensuing tables, you will find 
muscles of the upper limb divided into anterior and posterior 
eompartments, and those of the lower limb divided into anterior, 
posterior, medial, and lateral eompartments. These major eom- 
partments are separated from eaeh other by espeeially thiek 
faseiae ealled intermuscular septa, and by the interosseous 
membranes of the forearm and leg (see ehapter 8). In most limb 
regions, the rmisele groups are further subdivided by thinner 
faseiae into superficial and deep layers. A serious problem ealled 
eompartment syndrome, occurring when one of the rmiseles 
or blood vessels in a eompartment is injured, is due partly to 
the faet that the muscles are so tightly bound by their faseiae 
(see Deeper Insight 12.1). 

The upper limb is used for a broad range of both powerful and 
subtle aetions, ranging from elimbing, grasping, and throwing 
to writing, playing musical instmments, and manipulating small 
objeets. Fables 12.1 through 12.5 group these into imiseles that aet 
on the scapula, those that aet on the humerus and shoulder joint, 
those that aet on the forearm and elbow joint, extrinsic (forearm) 
muscles that aet on the wrist and hand, and intrinsie (hand) muscles 
that aet on the fingers. 


DEEPER INSIGHT 



Compartment Syndrome 

The faseiae of the iipper and lower limb enelose the muscle 
eompartments very snugly. If a blood vessel in a eompartment is 
damaged by ovemse or contusion (a bmising injury), blood and 
tissue fluid accumulate in the eompartment. The faseiae prevent 
the eompartment from expanding to relieve the pressure. 
Mounting pressure on the muscles, nerves, and blood vessels 
triggers a sequence of degenerative events ealled eomportment 
syndrome. Blood flow to the eompartment is obstructed by 
pressure on its arteries. If isehemio (poor blood flow) persists for 
more than 2 to 4 hours, nerves begin to die, and after 6 hours, 
so does muscle tissue. Nerves ean regenerate after the pressure 
is relieved, but muscle neerosis is irreversible. The breakdown 
of muscle releases myoglobin into the blood. Myoglobinurio, the 
presenee of myoglobin in the urine, gives the urine a dark eolor 
and is one of the key signs of eompartment syndrome and some 
other degenerative muscle disorders. Compartment syndrome is 
treated by immobilizing and resting the limb and, if neeessary, 
making an ineision (foseiotomy) to relieve the eompartment 
pressure. 
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Anterior 


A 


Lateral 


Medial 




Posterior 



1 




Key 



Anterior eompartment 


■ 



Lateral eompartment 

Posterior eompartment, 
deep layer 

Posterior eompartment, 
siiperfieial layer 



Tibia 

Fibula 


lnterosseous 

membrane 


Artery, veins, 
and nerve 


lntermuscular 

septa 


Faseiae 


Subcutaneous 

fat 


Figure 12.1 Muscular Compartments. A eross seetion of the left leg slightly above midealf, oriented the same way as the reader’s. 


TABLE 12.1 Muscles Aeting on the Shoulder 


Muscles that aet on the peetoral girdle arise from the axial skeleton and insert on the elaviele and scapula. The scapula is only loosely attaehed 
to the thoraeie eage and is eapable of eonsiderable movement (fig. 12.2)— rotation (as in raising and lowering the apex of the shoulder), elevation 
and depression (as in shrugging and lowering the shoulders), and protraetion and retraetion (pulling the shoulders forward and baek). The elaviele 
braees the shoulder and moderates these movements. 


Anterior Group. Muscles of the peetoral girdle fall into anterior and posterior groups (fig. 12.3 in table 12.2). The major muscles of the anterior 
group are the peetorolis minor and serrotus onterior (see fig. 11.12b, p. 283). The peetoralis minor arises by three heads from ribs 3 to 5 and 
eonverges on the eoraeoid proeess of the scapula. The serratus anterior arises from separate heads on all or nearly all of the ribs, wraps laterally 
around the ehest and passes aeross the baek between the rib eage and scapula, and inserts on the medial (vertebral) border of the scapula. Thus, 
when it eontraets, the scapula glides laterally and slightly forward around the ribs. 

Name 

Aetion 

Skeletal Attaehments 

Innervatìon 

Peetoralis 1 Minor 

(PECK-toe-RAY-lis) 

With serratus anterior, draws scapula laterally and 
forward around ehest wall, protraeting shoulder as in 
reaehing out for a door handle; with other muscles, 
rotates scapula and depresses apex of shoulder, as in 
reaehing down to piek up a suitcase 

• Ribs 3-5 and overlying faseia 

• Coracoid proeess of scapula 

Medial and lateral 
peetoral nerves 

Serratus 2 Anterior 

(serr-AY-tus) 

Holds scapula against rib eage; with peetoralis minor, 
draws scapula laterally and forward around ehest 
wall; protraets scapula, and is the prime mover in 
all forward-reaching, throwing, and pushing aetions 
(nieknamed the “boxer’s muscle” for its role in powerful 
thmsting movements such as a boxer’s jab); aids in 
rotating scapula to elevate apex of shoulder, as in 
lifting a suitcase; fixes scapula during abduction of arm 

• All or nearly all ribs 

• Medial border of scapula 

Long thoraeie 

nerve 


'peetoral = of the ehest 
2 serrat = sealloped, zigzag 
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TABLE 12.1 Muscles Aeting on the Shoulder (continued) 


Lateral rotation 

Trapezius (superior part) 
Serratus anterior 


Elevation 

Levator scapulae 
Trapezius (superior part) 
Rhomboid major 
Rhomboid minor 


Retraetion 

Rhomboid major 
Rhomboid minor 


Trapezius 


Protraetion 

Peetoralis minor 
Serratus anterior 



Medial rotation 

Levator scapulae 
Rhomboid major 
Rhomboid minor 


Depression 

Trapezius (inferior part) Figure 12.2 Aetions of Some Thoraeie Muscles on the Scapula. Note 

Serratus anterior that an individual muscle ean contribute to multiple aetions, depending 

on which fibers eontraet and what synergists aet with it. 


Posterior Group. The posterior muscles that aet on the scapula include the large, superficial trapezius, already discussed (table 11.4, p. 277), 
and three deep muscles: the rhomboid minor, rhomboid major (the rhomboids), and levotor scopuloe (see fig. 11.13, p. 284). The aetion of the 
trapezius depends on whether its superior, middle, or inferior fibers eontraet and whether it aets alone or with other muscles. The levator scapulae 
and superior fibers of the trapezius rotate the scapula in opposite direetions if either of them aets alone. If both aet together, their opposite 
rotational effeets balanee eaeh other and they elevate the scapula and shoulder, as when you lift a suitcase from the floor. Depression of the 
scapula occurs mainly by gravitational pull, but the trapezius and serratus anterior ean depress it more rapidly and forcefully, as in swimming, 
hammering, and rowing. 

Name Aetion Skeletal Attaehments Innervation 


Trapezius 

(tra-PEE-zee-us) 


Stabilizes scapula and shoulder during arm 
movements; elevates apex of shoulder; aets with 
other muscles to rotate and retraet scapula, as in 
pulling a rope; produces fast, foreible depression of 
scapula as in swimming and hammering (see also 
roles in head and neek movements in table 11.4) 


External oeeipital protuberance; Aeeessory nerve 

medial one-third of superior 

nuchal line; nuchal ligament; 

spinous proeesses of vertebrae 

C7-T12 

Aeromion and spine of scapula; 
lateral one-third of elaviele 


Levator Scapulae Elevates scapula if eervieal vertebrae are fixed; 

(leh-VAY-tur SCAP-you-lee) flexes neek laterally if scapula is fixed; retraets 

scapula and braees shoulder; rotates scapula and 
depresses apex of shoulder 

Rhomboid Minor 3 Retraets scapula and braees shoulder; fixes scapula 

(ROM-boyd) during arm movements 


Rhomboid Major 


Same as rhomboid minor 


Transverse proeesses of vertebrae 
C1-C4 

Superior angle to medial border of 
scapula 


Spinal nerves 
C3-C4, and C5 
via dorsal scapular 
nerve 


Spinous proeesses of vertebrae 
C7-T1; nuchal ligament 
Medial border of scapula 

Spinous proeesses of vertebrae 
T2-T5 

Medial border of scapula 


Posterior scapular 
nerve 

Posterior scapular 
nerve 


3 rhomb = rhombus; oid = like; minor = small 
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TABLE 12.2 


Muscles Aeting on the Arm 


Axial Muscles. Nine muscles eross the shoulder joint and end on the humerus. Two are eonsidered axial rrmseles because they arise primarily 
from the axial skeleton—the peetorolis mojor and lotissimus dorsi ( gs. 12.3 and 2.4). The peetoralis major is the thiek, fleshy muscle of the 
mammary region, and the latissimus dorsi is a broad muscle of the baek that extends from the waist to the axilla. These muscles bear the primary 
responsibility for attaehing the arm to the trunk and are the prime movers of the shoulder joint. The axilla (armpit) is the depression between 
these two muscles. 


Name 

Peetoralis Major 

(PECK-toe-RAY-liss) 


Aetion 

Flexes, adducts, and medially rotates humerus, as in 
elimbing or hugging; aids in deep inspiration 


Latissimus Dorsi 4 
(la-TISS-ih-mus DOR-sye) 


Adducts and medially rotates humerus; extends the 
shoulder joint as in pulling on oars of a rowboat; 
produces backswing of arm in such aetions as 
walking or bowling; with hands grasping overhead 
objeets, pulls body forward and upward, as in 
elimbing; produces strong downstrokes of arm 
as in hammering and swimming (nieknamed the 
“swimmer’s muscle”); aids in deep inspiration, 
sudden expiration as in sneezing and coughing, and 
prolonged forceful expiration as in singing or playing 
a wind instrument 


Skeletal Attaehments 

• Medial half of elaviele; lateral 
margin of sternum; eostal 
eartilages 1-7; aponeurosis of 
external oblique 

• Lateral lip of intertubercular sulcus 
of humerus 

• Vertebrae T7-L5; lower three or 
four ribs; iliae erest; thoracolumbar nerve 
faseia 

• Floor of intertubercular sulcus of 
humerus 


Innervatìon 

Medial and lateral 
peetoral nerves 


Thoraeodorsal 


Scapular Muscles. The other seven muscles of the shoulder are eonsidered scapular muscles because they arise from the scapula. Four 
of them form the rotator cuff and are treated in the next seetion. The most conspicuous scapular muscle is the deltoid, the thiek, triangular 
muscle that eaps the shoulder. This is a eommonly used site for drug injeetions. Its anterior, lateral, and posterior fibers aet like three 
different muscles. 


Deltoid 5 6 


Teres Major 

(TERR-eez) 


Anterior fibers flex and medially rotate arm; lateral 
fibers abduct arm; posterior fibers extend and 
laterally rotate arm; involved in arm swinging 
during such aetions as walking or bowling, and in 
adjustment of hand height for various manual tasks 

Extends and medially rotates humerus; contributes to 
arm swinging 


Aeromion and spine of scapula; 
elaviele 

Deltoid tuberosity of humerus 


Axillary nerve 


Inferior angle of scapula 


Lower subscapular 


Medial lip of intertubercular sulcus nerve 
of humerus 


Coracobrachialis 


Flexes and medially rotates arm; resists deviation of 


(COR-uh-co-BRAY-kee-AL-iss) arm from frontal plane during abduction 


Coracoid proeess of scapula 
Medial aspeet of humeral shaft 


Musculocutaneous 

nerve 


Apply What You Know 

Sinee a muscle ean only pull on a bone, and not push, 
antagonistie muscles are needed to produce opposite aetions 
at a joint. Reeoneile this faet with the observation that the 
deltoid muscle both flexes and extends the shoulder. 


4 latissimus = broadest; dorsi = of the baek 

6 deltoid = triangular, like a Greek delta (A) 

6 teres = round; mojor = larger 












298 


part t wo Support and Movement 


TABLE 12.2 Muscles Aeting on the Arm (continued) 


Deltoid 


Trieeps braehii: 


Lateral head 
Long head 

Medial head 
Bieeps braehii 

Braehialis 
Braehioradialis 



eiaviele 


Sternum 


Peetoralis major 


Coracobrachialis 



Supraspinatus 

Spine of scapula 

Greater tubercle 
of humerus 

lnfraspinatus 

Humerus 
Teres minor 

Teres major 


Trieeps braehii 


Lateral head 
Long head 


Latissimus dorsi 


(a) Anterior view 


(b) Posterior view 


Bieeps braehii 
Long head 

Short head 



Subscapularis 


Coracobrachialis 


Braehialis 



(e) Anterior view 


(d) Anterior view 


Figure 12.3 Peetoral and Braehial Muscles. (a) Superficial muscles, anterior view. (b) Superficial muscles, posterior view (trapezius 
removed). (e) The bieeps braehii, the superficial flexor of the elbow. (d) The braehialis, the deep flexor of the elbow, and the eoraeobraehialis and 
subscapularis, which aet on the humerus. 

Whot muscle serves os on ontogonist ofthe peetorolis mojor? AP! R 
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Muscles Aeting on the Arm (continued) 


Deltoid 


Peetoralis major 

Bieeps braehii: 
Long head 
Short head 


Serratus anterior 


External 
abdominal 
oblique 


(a) Anterior view 




Levator scapulae 


Rhomboid 

minor 

Rhomboid 

major 


Deltoid 


lnfraspinatus 


Teres minor 


Medial border 
of scapula 


Teres major 


Trieeps braehii 
Lateral head 


Long head 


Latissimus dorsi 


(b) Posterior view 




Figure 12.4 Peetoral and Braehial Muscles of the Cadaver 
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TABLE 12.2 Muscles Aeting on the Arm (continued) 


The Rotator Cuff. Tendons of the remaining four scapular 
muscles form the rotator cuff (fig. 12.5). These muscles are 
nieknamed the “SITS muscles” for the first letters of their 
names —suprospinotus, infrospinotas, teres minor, and 
subscopuloris. The first three muscles lie on the posterior 
side of the scapula (see fig. 12.3b). The supraspinatus and 
infraspinatus occupy the supraspinous and infraspinous 
fossae, above and below the scapular spine. The teres minor 
lies inferior to the infraspinatus. The subscapularis occupies 
the subscapular fossa on the anterior surface of the scapula, 
between the scapula and ribs (see fig. 12.3d). The tendons of 
these muscles merge with the joint capsule of the shoulder as 
they eross it en route to the humerus. They terminate on the 
proximal end of the humerus, forming a partial sleeve around it. 
The rotator cuff reinforees the joint capsule and holds the head 
of the humerus in the glenoid eavity. 

Rotator cuff injuries are eommon in sports and reereation. The 
tendon of the supraspinatus, espeeially, is easily damaged by 
strenuous circumduction (as in baseball pitehing and bowling), 
falls (as in skiing), and hard blows from the side (as when a 
hoekey player is slammed against the boards). 


Name 

Aetion 

Skeletal Attaehments 

Innervatìon 

Supraspinatus 7 

(SOO-pra-spy-NAY-tus) 

Aids deltoid in abduction of arm; resists downward 
slippage of humeral head when arm is relaxed or 
when earrying weight 

• Supraspinous fossa of scapula 

• Greater tubercle of humerus 

Suprascapular 

nerve 

lnfraspinatus 8 

(IN-fra-spy-NAY-tus) 

Modulates aetion of deltoid, preventing humeral 
head from sliding upward; laterally rotates 
humerus 

• lnfraspinous fossa of scapula 

• Greater tubercle of humerus 

Suprascapular 

nerve 

Teres Minor 

(TERR-eez) 

Modulates aetion of deltoid, preventing humeral 
head from sliding upward as arm is abducted; 
adducts and laterally rotates humerus 

• Lateral border and adjaeent 
posterior surface of scapula 

• Greater tubercle of humerus; 
posterior surface of joint capsule 

Axillary nerve 

Subscapularis 9 

(SUB-SCAP-you-LERR-iss) 

Modulates aetion of deltoid, preventing humeral 
head from sliding upward as arm is abducted; 
medially rotates humerus 

• Subscapular fossa of scapula 

• Lesser tubercle of humerus; 
anterior surface of joint capsule 

Upper and lower 
subscapular 

nerves 


Anterior 



Posterior 



Rotator cuff (SITS) 
muscles: 


Supraspinatus 
lnfraspinatus 
Teres minor 


Subscapularis 



eiaviele 

Aeromion 


Coracoid 

proeess 

Glenoid eavity 


Inferior angle 


Figiire 12.5 Rotator Cuff Muscles in Relation to the Scapula. Lateral 
view. For posterior and anterior views of these muscles, see figure 12.3b, d. 


DEEPER INSIGHT 



Evolution of Limb Muscles 

We ean get deeper insights into human muscle functions by eom- 
paring our own muscles with those of other animals. The del- 
toid is a strong and prominent muscle in all hominoids (apes and 
humans). In its role as an abductor, it raises the arm above the 
shoulder—an aetion that a four-legged animal (quadruped) such 
as a horse or dog eannot perform. We take advantage of this 
whenever we reaeh for something on a high shelf or reaeh up 
for a handhold while elimbing a ladder or roek wall. It is vitally 


important to monkeys and apes for elimbing trees and swinging 
from overhead limbs. 

The latissimus dorsi is another important muscle in elimbing. 
We use this to pull the body up, as in roek elimbing or perform- 
ing pull-ups, and we eondition it with “lat pulldown” exercises in 
fitness eenters. In quadrupedal mammals, the latissimus dorsi 
binds the humerus to the trunk and produces a powerful baek- 
ward thrust of the forelimb during walking and running. 


7 supra = above; spin = spine of scapula 

8 infra = below, under; spin = spine of scapula 

9 sub = below, under 























chapter twelve The Muscular System III: Appendicular Musculature 


301 


TABLE 12.3 Muscles Aeting on the Forearm 


The elbow and forearm are eapable of four motions—flexion, extension, pronation, and supination—earried out by muscles in both the brachium 
and antebrachium (arm and forearm). 

Muscles with Bellies ìn the Arm (Brachium). The prineipal elbow flexors are in the anterior eompartment of the arm—the braehialis and 
bieeps braehii (see fig. 12.3c, d). The bieeps broehii appears as a large anterior bulge and eommands eonsiderable interest among bodybuilders, 
but the broehiolis underlying it generates about 50% more power and is thus the prime mover of elbow flexion. The bieeps is not only a flexor 
but also a powerful forearm supinator. It is named for its two heads: a short head whose tendon arises from the eoraeoid proeess of the scapula, 
and a long head whose tendon arises from the superior margin of the glenoid eavity, loops over the shoulder, and braees the humerus against the 
glenoid eavity (see p. 222). The two heads eonverge elose to the elbow on a single distal tendon that inserts on the radius and on the faseia of 
the medial side ofthe upper forearm. 


The trieeps broehii is a three-headed muscle in the posterior eompartment and is the prime mover of elbow extension (see fig. 12.3b). 


Name 

Aetìon 

Skeletal Attaehments 

Innervation 

Braehialis 

(BRAY-kee-AL-iss) 

Prime mover of elbow flexion 

• Anterior surface of distal halfof 

humerus 

• Coronoid proeess and tuberosity 
of ulna 

Musculocutaneous 
nerve, radial nerve 

Bieeps Braehii 10 

(BY-seps BRAY-kee-eye) 

Rapid or forceful supination of forearm; synergist in 
elbow flexion; slight shoulder flexion; tendon of long 
head stabilizes shoulder by holding humeral head 
against glenoid eavity 

• Long head—superior margin of 
glenoid eavity 

Short head—eoraeoid proeess 

• Tuberosity of radius; faseia of forearm 

Musculocutaneous 

nerve 

Trieeps 11 Braehii 

(TRI-seps BRAY-kee-eye) 

Extends elbow; long head extends and adducts 
humerus 

• Long head—inferior margin of 
glenoid eavity and joint capsule 
Lateral head—posterior surface of 
proximal end of humerus 

Medial head—posterior surface of 
entire humeral shaft 

• Oleeranon; faseia of forearm 

Radial nerve 

Muscles with Bellies in the Forearm (Antebrachium). Most forearm muscles aet on the wrist and hand, but two of them are synergists in 
elbowflexion and extension, and three ofthem function in pronation and supination. The broehiorodiolis is the large fleshy mass ofthe lateral (radial) 
side of the forearm just distal to the elbow (see figs. 12.3a and 12.7c). It arises from the distal end of the humerus and ends on the distal end of the radius. 
With its radial attaehment so far from the fulcrum of the elbow, it does not generate as much foree as the braehialis and bieeps; it is effeetive mainly 
when those muscles have already partially flexed the elbow. The onconeus is a weak synergist of elbow extension on the posterior side of the elbow 
(see fig. 12.8e). Pronation is aehieved by the pronotor quodrotus (the prime mover) near the wrist and the pronotor teres near the elbow. Supination is 
usually aehieved by the supinotor of the upper forearm, with the bieeps braehii aiding when additional speed or power is required (fig. 12 . 6 ). 

Braehioradialis 

(BRAY-kee-oh-RAY-dee-AL-iss) 

Flexes elbow 

• Lateral supracondylar ridge of 
humerus 

• Lateral surface of radius near 
styloid proeess 

Radial nerve 

Anconeus 12 

(an-CO-nee-us) 

Extends elbow; may help to eontrol ulnar movement 
during pronation 

• Lateral epieondyle of humerus 

• Oleeranon and posterior surface 
of ulna 

Radial nerve 

Pronator Quadratus 13 

(PRO-nay-tur 

quad-RAY-tus) 

Prime mover of forearm pronation; also resists 
separation of radius and ulna when foree is applied 
to forearm through wrist, as in doing push-ups 

• Anterior surface of distal ulna 

• Anterior surface of distal radius 

Median nerve 

Pronator Teres 

(PRO-nay-tur TERR-eez) 

Assists pronator quadratus in pronation, but only in 
rapid or forceful aetion; weakly flexes elbow 

• Humeral shaft near medial 
epieondyle; eoronoid proeess of ulna 

• Lateral surface of radial shaft 

Median nerve 

Supinator 

(SOO-pih-NAY-tur) 

Supinates forearm, as in turning a doorknob or 
driving a screw into wood with the right hand 

• Lateral epieondyle of humerus; 
supinator erest and fossa of ulna 
just distal to radial noteh; anular and 
radial eollateral ligaments of elbow 

• Proximal one-third of radius 

Radial nerve 


10 ò/ = two; eeps = head; broehii = of the arm 
11 fr/ = three; eeps = head 
u anconeus = elbow 
u quodrotus = four-sided 
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TABLE 12.3 Muscles Aeting on the Forearm (continued) 



Lateral epieondyle 



Medial epieondyle 


Supinator 


Pronator teres 


Ulna 


Radius 


Pronator quadratus 


Radius 



Supinator 






(b) Muscle aetions 
in supination 


1 



Bursa 



(a) Supination 


(e) Pronation 


Figure 12.6 Aetions of the Rotator Muscles on the Forearm. (a) Supination. (b) Cross seetion just distal to the elbovv, shovving the synergistie 
aetion of the bieeps braehii and supinator. (e) Pronation. 

• What do the names ofthe pronotor teres ond pronotor quodrotus indieote obout their shopes? 
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TABLE 12.4 Muscles Aeting on the Wrist and Hand 


The hand is aeted upon by extrinsic muscles in the forearm and intrinsie muscles in the hand itself. The bellies of the extrinsic muscles form the fleshy 
roundness of the upper forearm (along with the braehioradialis, table 12.3), with their tendons extending into the wrist and hand. Their aetions are 
mainly flexion and extension of the wrist and digits, but also include radial and ulnar flexion, finger abduction and adduction, and thumb opposition. 
These muscles are numerous and complex, but their names often deseribe their loeation, appearanee, and function. 

Many of them aet on the metaearpophalangeal joints, between the metaearpal bones of the hand and the proximal phalanges of the fingers, 
and the interphalangeal joints, between the proximal and middle or the middle and distal phalanges (or proximal-distal in the thumb, which has 
no middle phalanx). The metaearpophalangeal joints form the knuckles at the bases of the fingers, and the interphalangeal joints form the seeond 
and third knuckles. Some tendons eross multiple joints before ending on a middle or distal phalanx, and ean flex or extend all the joints they 
eross. 

Most tendons of the extrinsic muscles pass under a fibrous, braeeletlike sheet ealled the flexor retinaculum on the anterior side of the wrist or 
the extensor retinaculum on the posterior side (see fig. 3.13, p. 64). These ligaments prevent the tendons from standing up like taut bowstrings 
when the muscles eontraet. The earpal tunnel is a tight spaee between the flexor retinaculum and earpal bones. The flexor tendons passing 
through the tunnel are enelosed in tendon sheaths that enable them to slide baek and forth quite easily, although this region is very subject to 
painful inflammation— eorpol tunnel syndrome— resulting from repetitive motion (see Deeper Insight 12.3 and fig. 12.9). 

Faseiae divide the forearm muscles into anterior and posterior eompartments and eaeh eompartment into superficial and deep layers (fig. 12.7). 
The muscles will be deseribed in these four groups. 


Anterior (Flexor) Compartment, Superficial Layer. Most muscles of the anterior eompartment are wrist and finger flexors that arise from a 
eommon tendon on the humerus (fig. 12.8a, b). At the distal end, the tendon of the polmoris longus passes over the flexor retinaculum, whereas 
the other tendons pass beneath it, through the earpal tunnel. The two prominent tendons you ean palpate at the wrist belong to the palmaris 
longus on the medial side and the flexor eorpi rodiolis on the lateral side (see fig. A.19a, p. 345). The latter is an important landmark for finding 
the radial artery, where the pulse is usually taken. The palmaris longus is absent on one or both sides (most eommonly the left) in about 14% of 
people. To see if you have one, flex your wrist and touch the tips of your thumb and little finger together. If present, the palmaris longus tendon 
will stand up prominently on the wrist. 

Name Aetion Skeletal Attaehments Innervation 


Flexor Carpi Radialis 14 

(FLEX-ur CAR-pye 
RAY-dee-AL-iss) 

Flexor Carpi lllnaris 15 

(ul-NAY-ris) 


Flexes wrist anteriorly; aids in radial flexion of wrist 


• Medial epieondyle of humerus 

• Base of metaearpals ll-lll 


Median nerve 


Flexes wrist anteriorly; aids in ulnar flexion of wrist 


• Medial epieondyle of humerus; 
medial margin of oleeranon; 
posterior surface of ulna 

• Pisiform; hamate; metaearpal V 


Ulnar nerve 


Flexor Digitomm 
Superficialis 16 
(DIDJ-ih-TOE-rum 
SOO-per-FISH-ee-AY-lis) 


Flexes wrist, metaearpophalangeal, and 
interphalangeal joints depending on aetion of other 
muscles 


Medial epieondyle of humerus; Median nerve 
ulnar eollateral ligament; eoronoid 
proeess; superior half of radius 
Middle phalanges II—V 


Palmaris Longus 

(pal-MERR-is) 


Anehors skin and faseia of palmar region; resists 
shearing forees when stress is applied to skin by 
such aetions as elimbing and tool use. Weakly 
developed and sometimes absent. 


Medial epieondyle of humerus Median nerve 

Flexor retinaculum, palmar 

aponeurosis 


Anterior (Flexor) Compartment, Deep Layer. The following two flexors constitute the deep layer ( 12.8c). The flexor digitomm profundus 

flexes fingers II—V, but the thumb (pollex) has a flexor of its own—one of several muscles serving exclusively for thumb movements. 


Flexor Digitomm Profundus 17 Flexes wrist, metaearpophalangeal, and 

interphalangeal joints; sole flexor of the distal 
interphalangeal joints 


• Proximal three-quarters of ulna; Median nerve; ulnar 
eoronoid proeess; interosseous nerve 
membrane 

• Distal phalanges II—V 


Flexor Pollieis 18 Longus Flexes phalanges of thumb 

(PAHL-ih-sis) 


• Radius; interosseous membrane Median nerve 

• Distal phalanx I 


u carpi = of the wrist; radialis = of the radius 
]5 ulnaris = of the ulna 

]6 digitorum = of the digits; superficialis = shallow, near the surface 

v profundus = deep 

]8 pollicis = of the thumb (pollex) 
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TABLE 12.4 Muscles Aeting on the Wrist and Hand (continued) 



Anterior 

A 


Lateral 



Medial 



t 

Posterior 



Anterior (flexor) 
eompartment, siiperfieial 

Anterior (flexor) 
eompartment, deep 




Posterior (extensor) 
eompartment 

Other muscles 


(a) 



Deltoid 

Peetoralis major 


Bieeps braehii: 


Long head 
Short head 


Ooraeobraehialis 

Humerus 


Latissimus dorsi tendon 
Teres major 


Trieeps braehii 

Lateral head 
Long head 



Bieeps braehii 


Braehialis 


Trieeps braehii 


Medial head 
Long head 
Lateral head 


(b) 


Braehioradialis 


Supinator 


Radius 



Extensor earpi radialis longus 


Extensor earpi radialis brevis 


Extensor digitomm 


Extensor digiti minimi 
Extensor earpi ulnaris 


Pronator teres 
Flexor earpi radialis 
Palmaris longus 

Flexor digitorum superficialis 

Flexor pollieis longus 
Flexor earpi ulnaris 

Flexor digitomm profundus 

Ulna 

Anconeus 



Figure 12.7 Serial eross Seetions Through the Upper Limb. Eaeh seetion is taken at the eorrespondingly lettered level in the figure at the left 
and is pictured with the posterior muscle eompartment faeing the bottom ofthe page. 

• Why are the extensor pollieis !ongus and extensor indieis not seen in part (e)? 
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TABLE 12.4 Muscles Aeting on the Wrist and Hand (continued) 


Anterior view 



retinaculum 


Palmar 

aponeurosis 


Bieeps braehii 
Trieeps braehii 

Braehialis 

Common flexor tendon 

Pronator teres 

Aponeurosis of bieeps 
braehii 

Braehioradialis 

Flexor earpi radialis 
Palmaris longus 
Flexor earpi ulnaris 


Extensor earpi radialis 
longus and brevis 



Flexor digitomm 
superficialis 


Flexor 

digitomm 

superficialis 

tendons 


Flexor 

digitomm 

profundus 

tendons 


Common flexor 
tendon 


Flexor 

digitomm 

superficialis 


Flexor 

pollieis longus 



Flexor 

digitomm 

superficialis 

tendons 


Flexor 

digitomm 

profundus 

tendons 


Supinator 


lnterosseous 

membrane 


Flexor 

digitomm 

profundus 


Flexor 

pollieis 

longus 


(a) Superficial flexors 


(b) Intermediate flexor 


(e) Deep flexors 


Figure 12.8 Muscles of the Forearm. Parts (a) to (e) are anterior views of the flexor muscles. Muscles labeled in boldfaee are (a) superficial flexors; 
(b) the flexor digitorum superficialis, deep to the muscles in (a) but also elassified as a superficial flexor; and (e) deep flexors. (continued) APR 


Posterior (Extensor) Compartment, Superficial Layer. Superficial muscles of the posterior eompartment are mostly wrist and finger 
extensors and share a single tendon arising from the humerus (fig. 12. 8d). The extensor digitorum has four distal tendons that ean easily be 
seen and palpated on the baek of the hand when the fingers are strongly extended (see fig. A.19b, p. 345). It serves digits II through V, and the 
other muscles in this group eaeh serve a single digit. From lateral to medial, these extensors are as follows. 

Name Aetion Skeletal Attaehments Innervation 


Extensor Carpi Radialis 
Longus 

Extensor Carpi 
Radialis Brevis 19 
(BREV-iss) 

Extensor Digitorum 


Extensor Digiti Minimi 20 
(DIDJ-ih-ty MIN-ih-my) 

Extensor Carpi Lllnaris 


Extends wrist; aids in radial flexion of wrist 


Extends wrist; aids in radial flexion of wrist 


Extends wrist, metaearpophalangeal, and 
interphalangeal joints; tends to spread fingers 
apart when extending metaearpophalangeal joints 

Extends wrist and all joints of little finger 

Extends and fixes wrist when fist is elenehed or 
hand grips an objeet; aids in ulnarflexion ofwrist 


Lateral supracondylar ridge of Radial nerve 
humerus 

Base of metaearpal II 

Lateral epieondyle of humerus Radial nerve 
Base of metaearpal III 


Lateral epieondyle of humerus Radial nerve 

Dorsal surfaces of phalanges 

ll-V 

Lateral epieondyle of humerus Radial nerve 
Proximal phalanx V 

Lateral epieondyle of humerus; Radial nerve 
posterior surface of ulnar shaft 
Base of metaearpal V 


]9 brevis = short 

20 digit = finger; minim = smallest 
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part t wo Siipport and Movement 


TABLE 12.4 Muscles Aeting on the Wrist and Hand (continued) 



Posterior view 


Trieeps braehii 


Aneoneiis 


Flexor earpi 
ulnaris 


Extensor earpi 
ulnaris 

Extensor digiti 
minimi 


Tendon of 
extensor indieis 


Tendons of extensor 
digitomm 



Braehioradialis 


Extensor earpi 
radialis longus 


Extensor earpi 
radialis brevis 


Extensor digitorum 


Abductor pollieis 
longus 


Extensor pollieis 
brevis 


Extensor pollieis 
longus 

Tendons of extensor 
earpi radialis longus 
and brevis 


Oleeranon 


Extensor pollieis 
longus 

Extensor indieis 


Anconeus 


Supinator 


Abductor pollieis 
longus 


Extensor pollieis 
brevis 



(d) Siiperfieial extensors 


(e) Deep extensors 


Figure 12.8 Muscles of the Forearm (continued). Parts (d) and (e) are posterior views of the extensor muscles. Muscles labeled in boldfaee are 
(d) superficial extensors and (e) deep extensors. ap; r 


Posterior (Extensor) Compartment, Deep Layer. The deep muscles that follow serve only the thumb and index finger ( 12. 8e). By 

strongly abducting and extending the thumb into a hitehhiker’s position, you may see a deep dorsolateral pit at the base of the thumb, with a taut 
tendon on eaeh side of it (see fig. A.19b, p. 345). This depression is ealled the anatomieal snuffbox because it was onee fashionable to plaee a 
pineh of snuff here and inhale it. It is bordered laterally by the tendons of the obductor pollieis longus and extensor pollieis brevis, and medially by 
the tendon of the extensor pollieis longus. These muscles from lateral to medial are as follows. 

Name Aetion Skeletal Attaehments Innervation 


Abductor Pollieis Longus 


Abducts thumb in frontal (palmar) plane (radial 
abduction); extends thumb at earpometaearpal joint 


Extensor Pollieis Brevis 


Extends metaearpal I and proximal phalanx of thumb 


Extensor Pollieis Longus 


Extensor indieis 

(IN-dih-sis) 


Extends distal phalanx I; aids in extending proximal 
phalanx I and metaearpal I; adducts and laterally 
rotates thumb 

Extends wrist and index finger 


Posterior surfaces of radius and 
ulna; interosseous membrane 
Trapezium; base of metaearpal I 

Shaft of radius; interosseous 

membrane 

Proximal phalanx I 

Posterior surface of ulna; 
interosseous membrane 
Distal phalanx I 

Posterior surface of ulna; 
interosseous membrane 
Middle and distal phalanges of 
index finger (II) 


Radial nerve 


Radial nerve 


Radial nerve 


Radial nerve 


Apply What You Know 

Why are the prime movers of finger extension and flexion loeated 
in the forearm rather than in the hand, eloser to the fingers? 
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DEEPER INSIGHT 


Carpal Tunnel Syndrome 



Prolonged, repetitive motions of the vvrist and fingers ean 
cause tissues in the earpal tunnel to beeome inflamed, svvol- 
len, or fibrotie. Sinee the earpal tunnel eannot expand, svvell- 
ing puts pressure on the median nerve, vvhieh passes through 
the earpal tunnel vvith the flexor tendons (fig. 12.9). This pres- 
sure causes tingling and muscular vveakness in the palm and 
lateral side of the hand and pain that may radiate to the arm 
and shoulder. This eondition, ealled earpol tunne! syndrome, 


is eommon among pianists, meat cutters, and others vvho 
spend long hours making repetitive vvrist motions. It ean also 
be caused by other faetors that reduce the size of the ear- 
pal tunnel, including tumors, infeetions, and bone fractures. 
Carpal tunnel syndrome is treated vvith aspirin and other anti- 
inflammatory drugs, immobilization of the vvrist, and some- 
times surgical removal of part or all of the flexor retinaculum 
to relieve pressure on the nerve. 


Palmaris longus tendon (cut) 


Flexor earpi radialis tendon 


Flexor pollieis longus tendon 


Palmar earpal ligament (cut) 


Radial artery 


Median nerve 


Trapezium 



Flexor digitomm superficialis 
tendon 

Flexor digitomm profundus 
tendon 

Flexor earpi ulnaris tendon 


Ulnar artery 


Lllnar nerve 


Flexor retinaculum eovering 
earpal tunnel 

Bursa 


Superficial palmar 
arterial areh 



Anterior 

A 


Lateral 



Medial 



(a) Anterior view 


Palmaris longus 
tendon 

Thenar muscles- 

Flexor digitomm — 
superficialis tendons 

Trapezium- 


Flexor digitomm — 
profundus tendons 


Radial artery 


Trapezoid 

Seaphoid 



Median nerve 

Ulnar artery 
Flexor retinaculum 
Carpal tunnel 

Hypothenar muscles 
Ulnar bursa 
Hamate 
Capitate 

Extensor tendons 


t 

Posterior 


(b) Cross seetion 


Figure 12.9 The Carpal Tunnel. (a) Disseetion of the vvrist (anterior aspeet) shovving the tendons, nerve, and bursae that pass under the flexor 
retinaculum. (b) Cross seetion ofthe vvrist, vievved as iffrom the distal end of a person’s rightforearm extended tovvard you vvith the palm up. Note 
hovv the flexor tendons and median nerve are eonfined in the tight spaee betvveen the earpal bones and flexor retinaculum. That tight paeking 
and repetitive sliding movements of the flexor tendons through the tunnel contribute to earpal tunnel syndrome. AP 
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part t wo Support and Movement 


TABLE 12.5 


Intrinsie Muscles of the Hand 


The intrinsie muscles of the hand assist the flexors and extensors in the forearm and make finger movements more preeise. They are divided 
into three groups: the thenar group at the base of the thumb, the hypothenar group at the base of the little finger, and the midpalmar group 
between these (fig. 12.10). 


Tendon sheath 


Tendon of flexor 
digitorum profundus \ 

Tendon of flexor 
digitomm superficialis 

Lumbricals 

Opponens 
digiti minimi 

Flexor digiti 
minimi brevis 

Abductor digiti 
minimi 

Flexor retinaculum 

Tendons of: 

Flexor earpi ulnaris 

Flexor digitomm 
superficialis 

Palmaris longus 



First dorsal 
interosseous 


Adductor 

pollieis 


Tendon of flexor 
pollieis longus 


Flexor pollieis 
brevis 

Abductor pollieis 
brevis 

Opponens pollieis 


Tendons of: 
Abductor pollieis 
longus 
Flexor earpi 
radialis 
Flexor pollieis 
longus 


Tendon of flexor 

digitorum 

superficialis 


Lumbrical 


Opponens 
digiti minimi 


Flexor digiti 


minimi brevis 


Abductor digiti 


minimi 


Pisiform bone 


Flexor digitomm 
superficialis 



Adductor 

pollieis 

Flexor pollieis 
brevis 


Abductor pollieis 
brevis 

Tendon of extensor 
pollieis brevis 


Tendon of flexor 
earpi radialis 


(a) Palmar aspeet, siiperfieial 


(b) Palmar disseetion, superficial 


Palmar- 

interosseoiis 

Opponens digiti 
minimi 


Flexor retinaculum 
(cut) 


Carpal tunnel 



Opponens 

pollieis 


Tendons of: 


Abductor pollieis 
longus 

Flexor earpi radialis 

Flexor earpi 
ulnaris 


Adductor 

pollieis 


Abductor 

pollieis 

brevis 



Common tendon 
sheath of extensor 
digitorum and 
extensor indieis 

Tendons of extensor 
pollieis brevis and 
abductor pollieis longus 


Tendons of 
extensor digitomm (cut) 


Dorsal interosseous 


Abductor digiti 
minimi 


Extensor retinaculum 


Tendons of: 


Extensor digiti minimi 
Extensor earpi ulnaris 
Extensor pollieis longus 
Extensor digitorum 


(e) Palmar aspeet, deep 


(d) Dorsal aspeet 


Figure 12.10 intrinsie Muscles of the Hand. The boldfaee labels in parts (a), (e), and (d) indieate the muscles that belong to the respeetive 
layers. AP RJ 


© McGraw-Hill Education/Rebecca Gray, photographer/Don Kineaid, disseetions 




























































TABLE 12.5 


Intrinsie Muscles of the Hand (continued) 


Thenar Group. The thenar group of muscles forms the thiek, fleshy mass (thenar eminenee) at the base of the thumb, and the odductor 
pollieis forms the web between the thumb and palm. All are eoneerned with thumb movements. The adductor pollieis has an oblique /7eoc/that 
extends from the eapitate bone of the wrist to the ulnar side of the base of the thumb, and a tronsverse heod that extends from metaearpal III 
to the same attaehment as the oblique head. 

Name 

Aetion 

Skeletal Attaehments 

Innervation 

Adductor Pollieis 

Draws thumb toward palm as in gripping a tool 

• Capitate; bases of metaearpals ll-lll; 
anterior ligaments of wrist; tendon 
sheath of flexor earpi radialis 

• Medial surface of proximal 
phalanx 1 

Ulnar nerve 

Abductor Pollieis Brevis 

Abducts thumb in sagittal plane 

• Mainly flexor retinaculum; 
also seaphoid, trapezium, and 
abductor pollieis longus tendon 

• Lateral surface of proximal 
phalanx 1 

Median nerve 

Flexor Pollieis Brevis 

Flexes metaearpophalangeal joint ofthumb 

• Trapezium; trapezoid; eapitate; 
anterior ligaments of wrist; 
flexor retinaculum 

• Proximal phalanx 1 

Median nerve; 

ulnar nerve 

Opponens Pollieis 

(op-PO-nenz) 

Flexes metaearpal 1 to oppose thumb to fingertips 

• Trapezium; flexor retinaculum 

• Metaearpal 1 

Median nerve 

Hypothenar Group. The hypothenar group forms the fleshy mass (hypothenar eminenee) at the base of the little finger. All of these 
muscles are eoneerned with movement of that digit. 

Abductor Digiti Minimi 

Abducts little finger, as in spreading fingers apart 

• Pisiform; tendon of flexor earpi 
ulnaris 

• Medial surface of proximal 
phalanx V 

Ulnar nerve 

Flexor Digiti Minimi Brevis 

Flexes little finger at metaearpophalangeal joint 

• Hamulus of hamate bone; flexor 
retinaculum 

• Medial surface of proximal 
phalanx V 

Ulnar nerve 

Opponens Digiti Minimi 

Flexes metaearpal V at earpometaearpal joint 
when little finger is moved into opposition with tip 
ofthumb; deepens palm of hand 

• Hamulus of hamate bone; flexor 

retinaculum 

• Medial surface of metaearpal V 

Ulnar nerve 

Midpalmar Group. The midpalmar group occupies the hollow of the palm. It has 11 small muscles divided into three groups. 

Four Dorsal 

lnterosseous 22 Muscles 
(IN-tur-OSS-ee-us) 

Abduct fingers; strongly flex metaearpophalangeal 
joints but extend interphalangeal joints, depending 
on aetion of other muscles; important for grip 
strength 

• Eaeh with two heads arising 
from faeing surfaces of adjaeent 
metaearpals 

• Proximal phalanges II—IV 

Ulnar nerve 

Three Palmar 

lnterosseous Muscles 

Adduct fingers; other aetions same as for dorsal 
interosseous muscles 

• Metaearpals 1, II, IV, V 

• Proximal phalanges II, IV, V 

Ulnar nerve 

Four Lumbrical 23 Muscles 

Extend interphalangeal joints; contribute to ability 

• Tendons of flexor digitorum 

Median nerve; 


(LUM-brih-cul) 


to pineh objeets between fleshy pulp of thumb 
and finger, instead ofthese digits meeting by the 
edges of their nails 


profundus 

Proximal phalanges II—V 


ulnar nerve 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. Name a rrmsele that terminates on the scapula and plays 
a signifieant role in eaeh of the following aetions: (a) push- 
ing a stalled ear, (b) paddling a eanoe, (e) squaring the 


2 ^thenar = of the palm 

22 inter = between; osse = bones 

23 lumbrical = resembling an earthworm 


shoulders in military attention, (d) lifting the shoulder to 
earry a heavy box on it, and (e) lowering the shoulder to 
grasp a suitcase handle. 

2. Deseribe three eontrasting aetions of the deltoid muscle. 

3. Name the four rotator cuff muscles and deseribe the scapu- 
lar surfaces against which they lie. 

4. Name the prime movers of elbow flexion and extension. 

5. Identify three functions of the bieeps braehii. 

6. Name three extrinsic muscles and two intrinsie rrmseles 
that flex the phalanges. 















































Muscles Aeting on 
the Hip and Lower Limb 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. name and loeate the muscles that aet on the hip, 
knee, ankle, and toe joints; 

b. relate the aetions of these muscles to the joint 
movements deseribed in ehapter 9; and 

e. deseribe the attaehments and innervation of eaeh muscle. 


The largest muscles are found in the lower limb. Unlike those of 
the upper limb, they are adapted less for preeision than for the 
strength needed to stand, maintain balanee, walk, and run. Sev- 
eral of them eross and aet on two or more joints, such as the hip 
and knee. To avoid confusion in this discussion, remember that in 
the anatomieal sense the word leg refers only to that part of the 
limb between the knee and ankle. The term foot includes the tarsal 
region (ankle), metatarsal region, and toes. Tables 12.6 through 
12.9 group the muscles of the lower limb into those that aet on the 
femur and hip joint, those that aet on the leg and knee joint, extrin- 
sie (leg) muscles that aet on the foot and ankle joint, and intrinsie 
(foot) muscles that aet on the arehes and toes. 


TABLE 12.6 Muscles Aeting on the Hip and Thigh 


Figure 12.11 

Hip and Femur. 


Muscles That Aet on the 


Anterior view. 



Iliopsoas: 
lliaeiis 

Psoas 
major 


Pectineus 


Adductor 

magnus 

Adductor 

brevis 


Adductor 

longus 


Graeilis 


Insertion of 
graeilis on 
tibia 



Piriformis 


Obturator 

externus 


Anterior Muscles of the Hip. Most muscles that aet on the femur originate on the hip bone. The two prineipal anterior muscles are the 
iliocus, which fills most of the broad iliae fossa of the pelvis, and the psoos mojor, a thiek rounded muscle that arises mainly from the lumbar 
vertebrae (fig. 12 ). Collectively, they are ealled the iliopsoas and share a eommon tendon to the femur. 


Name 

Aetion 

Skeletal Attaehments 

Innervation 

lliacus 24 

(ih-LY-uh-cus) 

Flexes thigh at hip when trunk is fixed, as in stair 
elimbing; flexes trunk at hip when thigh is fixed, as 
in bending forward in a ehair or sitting up in bed; 
balanees trunk during sitting 

• lliae erest and fossa; superolateral 
region of saemrn; anterior 
saeroiliae and iliolumbar ligaments 

• Lesser troehanter and nearby 
shaft of femur 

Femoral nerve 

Psoas 25 Major 
(SO-ass) 

Same as iliacus 

• Bodies and intervertebral dises 
of vertebrae T12-L5; transverse 
proeesses of lumbar vertebrae 

• Lesser troehanter and nearby 
shaft of femur 

Anterior rami of 
lumbar spinal 

nerves 


24 /// = loin, flank 


25 psoo = loin 































TABLE 12.6 


Muscles Aeting on the Hip and Thigh (continued) 


Lateral and Posterior Muscles of the Hip. On the lateral and posterior sides of the hip are the tensor faseiae latae and three gluteal muscles. The 
faseia lata is a fibrous sheath that eneireles the thigh like a subcutaneous stoeking and tightly binds its muscles. On the lateral surface, it eombines with 
the tendons of the gluteus maximus and tensor faseiae latae to form the iliotibial traet, which extends from the iliae erest to the lateral eondyle of the 
tibia (see figs. 12.13 and 12.14). The tensor faseiae latae tautens the iliotibial traet and braees the knee, espeeially when the opposite foot is lifted. 

The gluteal muscles are the gluteus maximus, gluteus medius, and gluteus minimus (fig. 12.12). The gluteus maximus is the largest of these 
and forms most of the lean mass of the buttock. It is an extensor of the hip joint that produces the backswing of the leg in walking and provides 
most of the lift when you elimb stairs. It generates its maximum foree when the thigh is flexed at a 45° angle to the trunk. This is the advantage 
in starting a foot raee from a crouched position. The gluteus medius is deep and lateral to the gluteus maximus. Its name refers to its size, not its 
position. The gluteus minimus is the smallest and deepest of the three. 

Name 

Aetion 

Skeletal Attaehments 

Innervation 

Tensor Faseiae Latae 26 
(TEN-sur FASH-ee-ee 

LAY-tee) 

Extends knee, laterally rotates tibia, aids in abduction 
and medial rotation of femur; during standing, 
steadies pelvis on femoral head and steadies femoral 
eondyles on tibia 

• lliae erest; anterior superior spine; 
deep surface of faseia lata 

• Lateral eondyle of tibia via iliotibial 
traet 

Superior gluteal 

nerve 

Gluteus Maximus 27 

Extends thigh at hip as in stair elimbing (rising to 
next step) or mnning and walking (backswing of 
limb); abducts thigh; elevates trunk after stooping; 
extends waist after bending forward; prevents trunk 
from pitehing forward during walking and running; 
helps stabilize femur on tibia 

• Posterior gluteal line of ilium, on 
posterolateral surface from iliae erest 
to posterior superior spine; coccyx; 
posterior surface of lower saemrn; 
aponeurosis of ereetor spinae 

• Gluteal tuberosity of femur; lateral 
eondyle of tibia via iliotibial traet 

Inferior gluteal nerve 

Gluteus Medius and Gluteus 

Minimus 

Abduct and medially rotate thigh; during walking, shift 
weight of trunk toward limb with foot on the ground 
as other foot is lifted 

• Most of lateral surface of ilium 

between erest and acetabulum 

• Greater troehanter of femur 

Superior gluteal 

nerve 

Lateral Rotators. Inferior to the gluteus minimus and deep to the other two gluteal muscles are six muscles ealled the lateral rotators, named for their 
aetion on the femur (fìg. 12.12). Their aetion is most elearly visualized when you eross your legs to rest an ankle on your knee, causing your femur to rotate 
and the knee to point laterally. Thus, they oppose medial rotation by the gluteus medius and minimus. Most of them also abduct or adduct the femur. The 
abductors are important in walking because when one lifts a foot from the ground, they shift the body weight to the other leg and prevent falling. 

Gemellus 28 Superior 

(jeh-MEL-us) 

Laterally rotates extended thigh; abducts flexed 
thigh; sometimes absent 

• isehial spine 

• Greater troehanter 

Nerve to obturator 

internus 

Gemellus Inferior 

Same as gemellus superior 

• isehial tuberosity 

• Greater troehanter 

Nerve to quadratus 
femoris 

Obturator 29 Externus 

(OB-too-RAY-tur) 

Not well understood; thought to laterally rotate thigh 
in elimbing 

• External surface of obturator 
membrane; rami of pubis and 
ischium 

• Femur between head and greater 
troehanter 

Obturator nerve 

Obturator lnternus 

Not well understood; thought to laterally rotate 
extended thigh and abduct flexed thigh 

• Ramus of ischium; inferior ramus 
of pubis; anteromedial surface of 
lesser pelvis 

• Greater troehanter 

Nerve to obturator 

internus 

Piriformis 30 

(PIR-ih-FOR-mis) 

Laterally rotates extended thigh; abducts flexed 
thigh 

• Anterior surface of sacrum; 
gluteal surface of ilium; capsule of 
saeroiliae joint 

• Greater troehanter 

Spinal nerves 

L5-S2 

Quadratus Femoris 31 

(quad-RAY-tus FEM-oh-ris) 

Laterally rotates thigh 

• isehial tuberosity of femur 

• intertroehanterie erest 

Nerve to quadratus 
femoris 

Medial (Adductor) Compartment of the Thigh. Faseiae divide the thigh into three eompartments: the anterior (extensor) eompartment, 
posterior (flexor) eompartment, and medial (adductor) eompartment. Muscles of the anterior and posterior eompartments function mainly 
as extensors and flexors of the knee, respeetively, and are treated in table 12.7. The five muscles of the medial eompartment aet primarily as 
adductors of the thigh (fig. 12.11), but some of them eross both the hip and knee joints and have additional aetions as follows. 

Adductor Brevis 

Adducts thigh 

• Body and inferior ramus of pubis 

• Linea aspera and spiral line of 
femur 

Obturator nerve 

Adductor Longus 

Adducts and medially rotates thigh; flexes thigh at hip 

• Body and inferior ramus of pubis 

• Linea aspera of femur 

Obturator nerve 


26 fosc = band; lat = broad 29 obtur = to elose, stop up 

21 glut = buttock; moxim = largest 30 piri = pear; form = shaped 

28 gemellus = tvvin 3 ^quodrot = four-sided; femoris = of the thigh or femur 














TABLE 12.6 


Muscles Aeting on the Hip and Thigh (continued) 


lliae erest 


Gluteus medius 


Sacrum 


Gluteus maximus 


Coccyx 


Graeilis 


lliotibial traet 


Popliteal fossa 



Hamstring group 
Bieeps femoris 

Long head 

Short head 


Semitendinosus 


Semimembranosus 


Gluteus minimus 


Lateral rotators: 
Piriformis 
Gemellus superior 
Obturator internus 
Obturator externus 
Gemellus inferior 
Quadratus femoris 


isehial tuberosity 


Adductor magnus 


Graeilis 


Vastus lateralis 


Gastrocnemius 


Medial head 
Lateral head 


Figure 12.12 Posterior Gluteal and Thigh Muscles. The left side shovvs the superficial muscles. On the right, the gluteus medius 
and maximus are removed to shovv the deeper gluteus minimus, lateral rotator group, and hamstring attaehments. 

Deseribe two everydoy movements ofthe body thot employ the power ofthe gluteus moximus. APIR 


Name 

Aetion 

Skeletal Attaehments 

Innervatìon 

Adductor Magnus 

Adducts and medially rotates thigh; extends thigh 
at hip 

• Inferior ramus of pubis; ramus and 
tuberosity of ischium 

• Linea aspera, gluteal tuberosity, and 
medial supracondylar line of femur 

Obturator nerve; 
tibial nerve 

Graeilis 32 

(GRASS-ih-lis) 

Flexes and medially rotates tibia at knee 

• Body and inferior ramus of pubis; 
ramus of ischium 

• Medial surface of tibia just belovv 
eondyle 

Obturator nerve 

Pectineus 33 

(pec-TIN-ee-us) 

Flexes and adducts thigh 

• Superior ramus of pubis 

• Spiral line of femur 

Femoral nerve 


32 gracil = slender 
33 pectin = eomb 
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TABLE 12.7 Muscles Aeting on the Knee and Leg 


The follovving muscles form most of the mass of the thigh and produce their 
most obvious aetions on the knee joint. Some of them, hovvever, eross both 
the hip and knee and produce aetions at both, moving the femur, tibia, and fibula. 


Lateral 


Medial 



Anterior (Extensor) Compartment of the Thigh. The anterior 
eompartment of the thigh eontains the large quodriceps femoris muscle, the prime 
mover of knee extension and the most powerful muscle of the body (figs. 12.13 
and 12.14; see also fig. 12.19). As the name implies, it has four heads: the rectus 
femoris, vostus loterolis, vostus mediolis, and vostus intermedius. All four eonverge 
on a single quadriceps (patellar) tendon, which extends to the patella, then 
continues as the patellar ligament and inserts on the tibial tuberosity. 

(Remember that a tendon usually extends from muscle to bone, and a ligament 
from bone to bone.) The patellar ligament is strnek with a rnbber reflex hammer 
to test the knee-jerk reflex. The quadriceps extends the knee when you stand up, 
take a step, or kiek a ball. One head, the rectus femoris, contributes to mnning 
by aeting with the iliopsoas to flex the hip in eaeh airborne phase of the leg’s 
eyele of motion. It also flexes the hip in such aetions as high kieks, stair elimbing, 
or simply in drawing the leg forward during a stride. 

Orossing the quadriceps from the lateral side of the hip to the medial side of 
the knee is the narrow, straplike sortorius, the longest muscle of the body. Itflexes 
the hip and knee joints and laterally rotates the thigh, as in erossing the legs. It is 
colloquially ealled the “tailor’s muscle,” after the eross-legged posture of a tailor 
supporting his work on the raised knee. 


Figure 12.13 Anterior Superficial Thigh Muscles of the Cadaver. Right limb. 



Tensor faseiae latae 


lliopsoas 


Sartorius 


lliotibial traet 


Quadriceps femoris 

Rectus femoris 
Vastus lateralis 
Vastus medialis 


Quadriceps tendon 


Patella 


Femoral vein 
Femoral artery 
Pectineus 

Adductor longus 


Graeilis 


Name 

Aetion 

Skeletal Attaehments 

Innervation 

Quadriceps Femoris 

(QUAD-rih-seps FEM-oh-ris) 

Extends the knee, as in kieking a ball and rising 
from a ehair, in addition to aetions of individual 

heads noted below 

• Varies; see individual heads below 

• Patella; tibial tuberosity; lateral 
and medial eondyles of tibia 

Femoral nerve 

Rectus Femoris 

Extends knee; flexes thigh at hip; flexes trunk 
on hip if thigh is fixed 

• llium at anterior inferior spine and 
superior margin of acetabulum; 
capsule of hip joint 

• See quadriceps femoris above 

Femoral nerve 

Vastus 34 Lateralis 

Extends knee; retains patella in groove on 
femur during knee movements 

• Femur at greater troehanter, 
intertroehanterie line, gluteal 
tuberosity, and linea aspera 

• See quadriceps femoris above 

Femoral nerve 

Vastus Medialis 

Same as vastus lateralis 

• Femur at intertroehanterie line, 
spiral line, linea aspera, and 
medial supracondylar line 

• See quadriceps femoris above 

Femoral nerve 

Vastus lntermedius 

Extends knee 

• Anterior and lateral surfaces of 

femoral shaft 

• See quadriceps femoris above 

Femoral nerve 

Sartorius 35 

Aids in knee and hip flexion, as in sitting or 
elimbing; abducts and laterally rotates thigh 

• On and near anterior superior 
spine of ilium 

• Medial surface of proximal end oftibia 

Femoral nerve 


34 vostus = large, extensive 
35 sortor = tailor 


© McGraw-Hill Education/Rebecca Gray, photographer/Don Kineaid, disseetions 
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TABLE 12.7 


Muscles Aeting on the Knee and Leg (continued) 


lliae erest 


lliopsoas 

lliacus 
Psoas major 


Anterior superior 
iliae spine 


Tensor faseiae 
latae 


lliotibial traet 


i 





Medial eompartment 


Adductor magnus 
Pectineus 
Adductor brevis 

Adductor longus 
Graeilis 


Anterior eompartment 


Sartorius 


Quadriceps femoris 

Vastus 
intermedius 


Rectus femoris 

Vastus lateralis 
Vastus medialis 


Quadriceps femoris 
tendon 


Patella 



Patellar ligament 




(a) Superficial 


(b) Deep 


Figure 12.14 Anterior Muscles of the Thigh. (a) Superficial muscles. (b) Rectus femoris and other muscles removed to expose the other three 
heads of the quadriceps femoris. 











































chapter twelve The Muscular System III: Appendicular Musculature 


315 


TABLE 12.7 Muscles Aeting on the Knee and Leg (continued) 


Posterior (Flexor) Compartment of the Thigh. The posterior eompartment eontains three muscles colloquially known as the hamstring 
muscles; from lateral to medial, they are the bieeps femoris, semitendinosus, and semimembronosus (fig. 12.12). The pit at the baek of the knee, 
known anatomieally as the popliteol fosso, is colloquially ealled the hom. The tendons of these muscles ean be felt as prominent eords on 
both sides of the pit—the bieeps tendon on the lateral side and the semimembranosus and semitendinosus tendons on the medial side. When 
wolves attaek large prey, they often attempt to sever the hamstring tendons, because this renders the prey helpless. The hamstrings flex the 
knee, and aided by the gluteus maximus, they extend the hip during walking and running. The semitendinosus is named for its unusually long 
tendon. This muscle also is usually biseeted by a transverse or oblique tendinous band. The semimembranosus is named for the flat shape of 


its superior attaehment. 




Name 

Aetion 

Skeletal Attaehments 

Innervatìon 

Bieeps Femoris 

Flexes knee; extends hip; elevates trunk from 
stooping posture; laterally rotates tibia on femur 
when knee is flexed; laterally rotates femur when hip 
is extended; counteracts forward bending at hips 

• Long head—isehial tuberosity 

Short head—linea aspera and 
lateral supracondylar line of femur 

• Head offibula 

Tibial nerve; 
eommon fibular 

nerve 

Semitendinosus 36 

(SEM-ee-TEN-din-OH-sus) 

Flexes knee; medially rotates tibia on femur when 
knee is flexed; medially rotates femur when hip is 
extended; counteracts forward bending at hips 

• isehial tuberosity 

• Medial surface of upper tibia 

Tibial nerve 

Semimembranosus 37 

(SEM-ee-MEM-bra-NO-sus) 

Same as semitendinosus 

• isehial tuberosity 

• Medial eondyle and nearby 
margin of tibia; intereondylar line 
and lateral eondyle of femur; 
ligament of popliteal region 

Tibial nerve 

Posterior Compartment of the Leg. Most muscles in the posterior eompartment of the leg aet on the ankle and foot and are reviewed in 
table 12.8, but the popliteus aets on the knee (see fig. 12.17b). 

Popliteus 38 

(pop-LIT-ee-us) 

Rotates tibia medially on femur if femur is fixed (as 
in sitting), or rotates femur laterally on tibia if tibia is 
fixed (as in standing); unlocks knee to allow flexion; 
may prevent forward disloeation offemur during 
crouching 

• Lateral eondyle of femur; lateral 
meniscus and joint capsule 

• Posterior surface of upper tibia 

Tibial nerve 


36 semi = half; tendinosus = tendinous 
37 semi = half; membranosus = membranous 
38 poplit = ham (pit) of the knee 


DEEPER INSIGHT 


lntramuscular injeetions 



Muscles with thiek bellies are eommonly used for intramuscular 
(I.M.) drug injeetions. Sinee drugs injeeted into these muscles are 
absorbed into the bloodstream gradually, it is safe to administer 
relatively large doses (up to 5 mL) that could be dangerous or 
even fatal if injeeted direetly into the bloodstream. I.M. injeetions 
also cause less tissue irritation than subcutaneous injeetions. 

Knowledge of subsurface anatomy is neeessary to avoid 
damaging nerves or aeeidentally injeeting a drug into a blood 
vessel. Anatomieal knowledge also enables a elinieian to posi- 
tion a patient so that the muscle is relaxed, making the injeetion 
less painful. 


Amounts up to 2 mL are eommonly injeeted into the deltoid 
muscle about two finger widths below the aeromion. A mis- 
plaeed injeetion into the deltoid ean injure the axillary nerve 
and cause atrophy of the muscle. Drug doses over 2 mL are 
eommonly injeeted into the gluteus medius, in the superolat- 
eral quadrant of the gluteal area, at a safe distanee from the 
seiatie nerve and major gluteal blood vessels. injeetions are 
often given to infants and young ehildren in the vastus lateralis 
of the thigh, because their deltoid and gluteal muscles are not 
well developed. 
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Hamstring lnjuries 


Hamstring injuries are eommon among sprinters, soeeer players, 
and other athletes who depend on quick extension of the knee to 
kiek or jump forcefully. Rapid knee extension stretehes the ham- 
strings and often tears the proximal tendons where they originate 


on the isehial tuberosity. These muscle strains are excruciat- 
ingly painful. Hamstring injuries often result from failure to warm 
up adequately before eompetition or praetiee. 


TABLE 12.8 Muscles Aeting on the Foot 


The fleshy mass of the leg is formed by a group of ernral muscles, which aet on the foot (fig. 12.15). These muscles are tightly bound by faseiae 
that eompress them and aid in the return of blood from the legs. The faseiae separate the crural muscles into anterior, lateral, and posterior 
eompartments (see fig. 12.19b). 


Anterior (Extensor) Compartment of the Leg. Muscles of the anterior eompartment dorsiflex the ankle and prevent the toes from scuffing 
the ground during walking. From lateral to medial, these muscles are the fibuloris tertius, extensor digitomm iongus (extensor of toes II—V), 
extensor hollucis longus (extensor of the great toe), and tibiolis onterior. Their tendons are held tightly against the ankle and kept from bowing 
by two extensor retinacula similar to the one at the wrist (fig. 12.16). 

Name Aetion Skeletal Attaehments Innervation 


Fibularis (Peroneus 39 ) 
Tertius 40 

(FIB-you-LERR-iss 

TUR-she-us) 

Extensor Digitorum 
Longus 

(DIDJ-ih-TOE-rum) 


Dorsiflexes and everts foot during walking; helps 
toes elear the ground during forward swing of leg 


• Medial surface of lower one-third 
of fibula; interosseous membrane 

• Metatarsal V 


Deep fibular 
(peroneal) nerve 


Extends toes; dorsiflexes foot; tautens plantar 
aponeurosis 


• Lateral eondyle of tibia; shaft of 
fibula; interosseous membrane 

• Middle and distal phalanges II—V 


Deep fibular 
(peroneal) nerve 


Extensor Hallucis 41 
Longus 

(ha-LOO-sis) 

Tibialis 42 Anterior 

(TIB-ee-AY-lis) 


Extends great toe; dorsiflexes foot 


Dorsiflexes and inverts foot; resists backward 
tipping of body (as when standing on a moving 
boat deek); helps support medial longitudinal areh 
of foot 


• Anterior surface of middle of 
fibula; interosseous membrane 

• Distal phalanx I 

• Lateral eondyle and lateral 
margin of proximal half oftibia; 
interosseous membrane 

• Medial cuneiform; metatarsal I 


Deep fibular 
(peroneal) nerve 

Deep fibular 
(peroneal) nerve 


Posterior (Flexor) Compartment of the Leg, Superficial Group. The posterior eompartment has superficial and deep muscle groups. 
The three muscles of the superficial group are plantar flexors: the gostrocnemius, soleus, and plontoris ( ìg. 12.1 ). The first two of these, 
eolleetively known as the trieeps surae , 43 eonverge on the calcaneus by way of the ealeaneal (Aehilles) tendon. This is the strongest tendon 
of the body but is nevertheless a eommon site of sports injuries resulting from sudden stress. The plantaris, a weak synergist of the trieeps 
surae, is a relatively unimportant muscle and is absent from many people; it is not tabulated here. Surgeons often use the plantaris tendon for 
tendon grafts needed in other parts of the body. 


Gastrocnemius 44 Plantar flexes foot; flexes knee; aetive in walking, 

(GAS-trock-NEE-me-us) running, and jumping 


Soleus 45 

(SO-lee-us) 


Plantar flexes foot; steadies leg on ankle during 
standing 


• Oondyles and popliteal surface Tibial nerve 
of femur; lateral supracondylar 

line; capsule of kneejoint 

• Calcaneus 

• Posterior surface of head and Tibial nerve 

proximal one-fourth of fibula; 

middle one-third of tibia; 
interosseous membrane 

• Calcaneus 


39 perone = 

= pinlike (fibula) 

40 fibularis 

= of the fibula; tert = third 

4/ì hallucis = 

= of the greattoe (hallux) 

42 tibialis = 

of the tibia 

43 sura = ealf of leg 

44 gastro = 

belly; enem = leg 

45 Named for its resemblanee to a flatfish (sole) 
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TABLE 12.8 Muscles Aeting on the Foot (continued) 




Gastrocnemius 
(lateral head) 


Soleus 


Fibularis longus 


Fibularis brevis 


Fibularis tertius - 

Calcaneal tendon 
Lateral malleolus 


Extensor digitomm 
brevis 

Fibularis tertius — 
tendon 


Head of 5th 
metatarsal 



(a) Lateral view 


Patella 


Head of fibula 


Tibialis anterior 




Tibia 


Extensor digitorum 
longus 


Extensor hallucis 
longus tendon 


Extensor retinaculum - 


Extensor hallucis 
brevis 


Extensor digitorum 
longus tendons 

Extensor digitorum 
brevis 







(b) Anterior view 


Figure 12.1E Superficial Muscles of the Right Leg of the Cadaver. f^P|R| 


Apply What You Know 

Not everyone has the same muscles. From the information 
provided in this ehapter, identify tvvo muscles that are laeking 
in some people. 


© McGraw-Hill Education/Photo and Disseetion by Christine Eekel 
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TABLE 12.8 Muscles Aeting on the Foot (continued) 


Patella 



Patellar- 

ligament 


Fibularis 

longus 


Fibularis 

brevis 


Extensor 
digitoriim longus 


Extensor retinacula 



Tibia 


Gastrocnemius 


Soleus 


Tibialis 

anterior 



> 





Tibialis 

anterior 


Extensor 
hallucis brevis 

Extensor 

digitomm 

brevis 



Extensor 

hallucis 

longus 


Fibularis 

tertiiis 



Extensor 

digitorum 

longus 


(a) 


(b) 


(e) 


(d) 


Figure 12.16 Muscles of the Leg, Anterior Compartment. Boldfaee labels identify muscles belonging to the anterior eompartment. 

(a) Superficial anterior view of the leg. Some muscles of the posterior and lateral eompartments are also partially visible. (b-d) lndividual muscles 
of the anterior eompartment of the leg and superior aspeet of the foot. 

Polpate the hord onterior surfoce ofyour own tibia ot midshoft, then continue medially until you feel muscle. Whot muscle is thot? APlR 
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TABLE 12.8 Muscles Aeting on the Foot (continued) 


Gastrocnemius: 

Medial head — 
Lateral head — 


Tendon of- 

gastrocnemius 


Calcaneal tendon 



Plantaris 


Popliteus 


Tendon of 
plantaris 


Flexor 
digitomm 
longus 



Heads of 

gastrocnemius 

(cut) 


Fibularis 

longus 


Soleus 


Gastrocnemius 

(cut) 


Fibularis 

longus 


Fibularis 

brevis 


Flexor 

hallucis 

longus 


Calcaneus 




Figure 12.T Superficial Muscles of the Leg, Posterior Compartment. (a) The gastrocnemius. (b) The soleus, deep to the gastrocnemius and 
sharing the ealeaneal tendon with it. The gastrocnemius and soleus are eolleetively ealled the trieeps surae. apir 
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TABLE 12.8 Muscles Aeting on the Foot (continued) 


Popliteus 


Soleus (cut) 


Flexor digitorum 
longus 


Calcaneal tendon 
(cut) 



Plantaris (cut) 


Gastrocnemius (cut) 


Fibula 


Tibialis 

posterior 


Fibularis 

longus 


Flexor hallucis 
longus 


Fibularis 

brevis 


Calcaneus 



Tibialis 

posterior 




Flexor 

digitorum 

longus 




Popliteus 


Flexor 

hallucis 

longus 


Plantar surface 
of the foot 



Figure 12.18 Deep Muscles of the Leg, Posterior and Lateral Compartments. (a) Muscles deep to the soleus. (b-d) Exposure of some 
individual deep muscles with the foot plantar flexed (sole faeing viewer). AP R 
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TABLE 12.8 


Muscles Aeting on the Foot (continued) 


Posterior (Flexor) Compartment of the Leg, Deep Group. There are four muscles in the deep group ( ig. 12.18). The flexor digitomm 
iongus, flexor hollucis longus, and tibiolis posterior are plantar flexors. The fourth muscle, the popliteus, was deseribed in table 12.7 because it 
aets on the knee rather than on the foot. 


Name 

Flexor Digitorum Longus 


Flexor Hallucis Longus 


Aetion 

Flexes phalanges of digits II—V as foot is raised from 
ground; stabilizes metatarsal heads and keeps distal 
pads oftoes in eontaet with ground intoe-offand 
tiptoe movements 

Same aetions as flexor digitorum longus, but for great 
toe (digit I) 


Skeletal Attaehments 

• Posterior surface of tibial shaft 

• Distal phalanges II—V 


Innervation 

Tibial nerve 


Tibialis Posterior 


Inverts foot; may assist in strong plantar flexion or 
eontrol pronation of foot during walking 


Inferior two-thirds of fibula and Tibial nerve 
interosseous membrane 
Distal phalanx I 

Posterior surface of proximal half Tibial nerve 

of tibia, fibula, and interosseous 

membrane 

Navicular, medial cuneiform, 
metatarsals II—IV 


Lateral (Fibular) Compartment of the Leg. The lateral eompartment includes the fibuloris brevis and fibuloris longus (figs. 12.15a, 12.16a, and .191 ). 
They plantar flex and evert the foot. Plantar flexion is important not only in standing on tiptoes but in providing lift and forward thrnst eaeh time you take a step 


Fibularis (Peroneus) Brevis Maintains eoneavity of sole during toe-off and 

tiptoeing; may evert foot and limit inversion and help 
steady leg on foot 

Fibularis (Peroneus) Longus Maintains eoneavity of sole during toe-off and 


Lateral surface of distal two-thirds Superficial fibular 


tiptoeing; everts and plantar flexes foot 


of fibula 

Base of metatarsal V 

Head and lateral surface of 
proximal two-thirds of fibula 
Medial cuneiform; metatarsal 


(peroneal) nerve 


Superficial fibular 
(peroneal) nerve 


Key a 




Anterior (extensor) 
eompartment 

Medial (adductor) 
eompartment 

Posterior (flexor) eompartment 
(hamstrings) 


Bieeps femoris: 
Long head 
Short head 


Femur 


(a) 


(b) 



Posterior 


Lateral 



Medial 


(a) 



Semitendinosus 


Semimembranosus 

Adductor magnus 
Graeilis 

Adductor brevis 
Adductor longus 


Vastus lateralis 


Vastus intermedius 


Rectus femoris 


Sartorius 
Vastus medialis 




t 

Anterior 


Gastrocnemius 
(lateral head) 


Key b 


Fibula 





Anterior (extensor) 
eompartment 

Lateral (fibular) eompartment 

Posterior (flexor) 
eompartment, superficial 

Posterior (flexor) 
eompartment, deep 


Fibularis longus 
Fibularis brevis 

Extensor hallucis longus 


Extensor digitorum longus 


(b) 



Gastrocnemius 
(medial head) 

Soleus 


Flexor hallucis longus 
Flexor digitomm longus 
Tibialis posterior 


Tibia 


Tibialis anterior 


Figure 12.19 Serial Cross Seetions Through the Lower Limb. Eaeh seetion is taken at the eorrespondingly lettered level in the figure at the left 




































































TABLE 12.9 


Intrinsie Muscles of the Foot 


The intrinsie muscles of the foot help to support the arehes and aet on the toes in ways that aid loeomotion. Several of them are similar in name 
and loeation to the intrinsie muscles of the hand. 


Dorsal Aspeet of Foot. Only one of the intrinsie muscles, the extensor digitorum brevis, is on the dorsal (superior) side of the foot (see 
fig. 12.16b). The medial slip of this muscle, serving the great toe, is sometimes ealled the extensor hollucis brevis. 


Name 

Aetion 

Skeletal Attaehments 

Innervation 

Extensor Digitorum Brevis 

Extends proximal phalanx 1 and all phalanges of 
digits II—IV 

• Calcaneus; inferior extensor 
retinaculum of ankle 

• Proximal phalanx 1; tendons of 
extensor digitomm longus to 
middle and distal phalanges II—IV 

Deep fibular 
(peroneal) nerve 

Ventral Layer 1 (Most Superficial). All remaining intrinsie muscles are on the ventral (inferior) aspeet of the foot or between the metatarsal 
bones. They are grouped in four layers (fig. 12.20). Disseeting into the foot from the plantar surface, one first encounters a tough fibrous sheet, 
the plantar aponeurosis, between the skin and muscles. It diverges like a fan from the calcaneus to the bases of all the toes. Several ventral 
muscles arise from the aponeurosis, including the stout flexor digitomm brevis on the midline of the foot, with its four tendons that supply all 
digits except the hallux, and two muscles that flank it—the obductor digiti minimi loterolly and the obductor hollucis medially. 

Flexor Digitorum Brevis 

Flexes digits II—IV; supports arehes of foot 

• Calcaneus; plantar aponeurosis 

• Middle phalanges II—V 

Medial plantar 

nerve 

Abductor Digiti Minimi 46 

Abducts and flexes little toe; supports arehes of foot 

• Calcaneus; plantar aponeurosis 

• Proximal phalanx V 

Lateral plantar 

nerve 

Abductor Hallucis 

Abducts great toe; supports arehes offoot 

• Calcaneus; plantar aponeurosis; 
flexor retinaculum 

• Proximal phalanx 1 

Medial plantar 

nerve 

Ventral Layer 2. The next deeper layer eonsists of the thiek quodrotus plontoe in the middle of the foot and the four lumbricol muscles 
loeated between the metatarsals (fig. 12.20b). 

Quadratus Plantae 47 

(quad-RAY-tus PLAN-tee) 

Flexes phalanges of digits II—V as foot is raised from 
ground; stabilizes metatarsal heads and keeps distal 
pads of toes in eontaet with ground in toe-off and tiptoe 
movements (same as flexor digitomm longus); flexion 
of digits II—V and assoeiated loeomotor functions 

• Two heads on the medial and 

lateral sides of calcaneus 

• Distal phalanges II—V via flexor 
digitorum longus tendons 

Lateral plantar 

nerve 

Four Lumbrical Muscles 
(LUM-brih-cul) 

Flex toes II—V 

• Tendon of flexor digitorum 
longus 

• Proximal phalanges II—V 

Lateral and 
medial plantar 

nerves 

Ventral Layer 3. The muscles of this layer serve only the great and little toes ( íg. 12.20c). They are the flexor digiti minimi brevis, flexor 
hollucis brevis, and odductor hollucis. The adductor hallucis has an oblique heod that extends diagonally from the midplantar region to the 
base of the great toe, and a tronsverse heod that passes aeross the bases of digits II—IV and meets the long head at the base of the great toe. 

Flexor Digiti Minimi 

Brevis 

Flexes little toe 

• Metatarsal V; sheath of fibularis 
longus 

• Proximal phalanx V 

Lateral plantar 

nerve 

Flexor Hallucis Brevis 

Flexes great toe 

• Cuboid; lateral cuneiform; 
tibialis posterior tendon 

• Proximal phalanx 1 

Medial plantar 

nerve 

Adductor Hallucis 

Adducts great toe 

• Metatarsals II—IV; fibularis 
longus tendon; ligaments at 
bases of digits III—V 

• Proximal phalanx 1 

Lateral plantar 

nerve 

Ventral Layer 4 (Deepest). This layer eonsists only of the small interosseous muscles loeated between the metatarsal bones—four dorsal and 
three plantar (fig. 12.20d, e). Eaeh dorsol interosseous muscle is bipennate and originates on two adjaeent metatarsals. The plontor interosseous 
muscles are unipennate and originate on only one metatarsal eaeh. 

Four Dorsal lnterosseous 

Muscles 

Abduct toes II—IV 

• Eaeh with two heads arising 
from faeing surfaces of two 
adjaeent metatarsals 

• Proximal phalanges II—IV 

Lateral plantar 

nerve 

Three Plantar lnterosseous 

Muscles 

Adduct toes III—V 

• Medial aspeet of metatarsals III—V 

• Proximal phalanges III—V 

Lateral plantar 

nerve 


46 digit = toe; minim = smallest 


47 quadrat = four-sided; plantae = of the plantar region 
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TABLE 12.9 Intrinsie Muscles of the Foot (continued) 




Flexor digiti - 
minimi brevis 


Abductor digiti 
minimi 



Abductor hallucis 

Flexor digitomm 
brevis 


Plantar aponeurosis 
(cut) 

Calcaneus 



Quadratus plantae 


Flexor digitorum 
brevis (cut) 



Lumbricals 

Flexor hallucis 
longus tendon 

Flexor digitorum 
longus tendon 

Abductor hallucis 
(cut) 



(a) Layer 1, plantar view 


(b) Layer 2, plantar view 


Flexor digiti 
minimi brevis 


Quadratus plantae 
(cut) 



Adductor hallucis 


Flexor hallucis brevis 


Plantar 
interosseous 


Flexor hallucis 
longus tendon (cut) 

Abductor hallucis (cut) 


Flexor digitorum 
longus tendon (cut) 



Dorsal- 

interosseoiis 



(e) Layer 3, plantar view 


(d) Layer 4, plantar view 


(e) Layer 4, superior view 


Figure 12.20 intrinsie Muscles of the Foot. (a-d) Firstthrough fourth layers, respeetively, in inferior (plantar) vievvs. (e) Fourth layer, superior 
vievv. The muscles belonging to eaeh layer are shovvn in eolor and vvith boldfaee labels. APIR 
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Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

7. In the middle of a stride, yoii have one foot on the groiind 
and yoii are about to swing the other leg forward. What 
muscles produce the movements of that leg? 

8. Name the muscles that eross both the hip and knee joints 
and produce aetions at both. 

9. List the major aetions of the muscles of the anterior, medial, 
and posterior eompartments of the thigh. 

10. Deseribe the role of plantar flexion and dorsiflexion in walk- 

ing. What muscles produce these aetions? 



Muscle lnjuries 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be 
able to 

a. explain how to reduce the risk of muscle injuries; and 

b. define several types of muscle injuries often incurred in 
sports and reereation. 


Although the muscular system suffers fewer diseases than most 
organ systems, it is particularly vulnerable to injuries result- 
ing from sudden and intense stress plaeed on muscles and 
tendons. Eaeh year, thousands of athletes from high sehool to 
professional level sustain some type of muscle injury, as do 


inereasing nmnbers of people who have taken up running and 
other forms of physieal eonditioning. Overzealous exertion 
without proper preparation and warm-up is frequently the cause. 
Some of the most eommon athletie injuries are briefly deseribed 
in table 12.10. (See table 10.5, p. 260, for more general disorders 
of the muscular system.) 

Most athletie injuries ean be prevented by proper eonditioning. 
A person who suddenly takes up vigorous exercise may not have 
sufficient muscle and bone mass to withstand the stresses such 
exercise entails. These must be developed gradually. Stretehing 
exercises keep ligaments and joint capsules supple and therefore 
reduce injuries. Warm-up exercises promote more effieient and 
less injurious musculoskeletal function in several ways. Most 
of all, moderation is important, as most injuries simply result 
from ovemse of the muscles. u No pain, no gain” is a dangerous 
miseoneeption. 

Muscular injuries ean be treated initially with “RICE”: 
Rest to prevent further injury and allow repair to occur; iee to 
reduce swelling; Compression with an elastie bandage to prevent 
fluid accumulation and swelling; and Elevation of an injured 
limb to promote drainage of blood from the affeeted area and 
limit further swelling. If these measures are not enough, anti- 
inflammatory drugs such as hydroeortisone and aspirin may be 
employed. 


Before You Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

11. Explain why stretehing exercises may rediiee the ineidenee 
of muscle injuries. 

12. Explain the reason for eaeh of the four treatments in the 

RICE approaeh to muscle injuries. 
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TABLE 12.10 Muscle lnjuries 


Baseball finger Tears in the extensor tendons of the fingers resulting from the impaet of a baseball with the extended fingertip 
Bloeker’s arm Abnormal ealeifieation in the lateral margin of the forearm as a result of repeated impaet such as occurs in football 


Piteher’s arm 


Inflammation at the attaehments ofthe wrist flexors resulting from hard wrist flexion in releasing a baseball 


Pulled groin 
Pulled hamstrings 

Rider’s bones 


Strain in the adductor muscles of the thigh; eommon in gymnasts and daneers who perform splits and high kieks 

Strained hamstring muscles or a partial tear in the tendinous attaehment, often with a hematoma (blood elot) in the faseia 
lata; frequently caused by repetitive kieking (as in football and soeeer) or long, hard running 

Calcification in the tendons of the thigh adductors; results from prolonged abduction of the thighs when riding horses 


Shinsplints General term for several kinds of injury with pain in the ernral region—tendinitis of the tibialis posterior, inflammation of the 

tibial periosteum, and anterior eompartment syndrome. May result from unaccustomed jogging, walk-a-thons, walking on 
snowshoes, or any vigorous aetivity of the legs after a period of inaetivity. 

Tennis elbow Inflammation at the attaehment of the extensor earpi muscles to the lateral epieondyle of the humerus. Can result from any 

aetivity that requires rotary movements of the forearm and a firm grip of the hand, such as using a screwdriver or when 
extensor earpi muscles are repeatedly tensed during baekhand tennis strokes and then strained by sudden impaet with the 
tennis ball. 


Tennis leg 


Partial tear in the lateral attaehments of the gastrocnemius to the distal femur; results from repeated strains put on the 
muscle while supporting the body weight on the toes 


Disorders Deseribed Elsewhere 

Baek injuries 286 Hamstring injuries 316 

Carpal tunnel syndrome 307 Hernias 289 

Compartment syndrome 294 Rotator cuff injury 300 
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Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

General 

1. For all muscles named in this study guide, 
and to the extent speeified by your course 
or instructor, an ability to loeate the 
muscle on a model, photograph, diagram, 
or disseetion; to palpate the muscle or its 
tendons on the living body; and to state its 
bone attaehments, innervation, and aetions 

12.1 Muscles Aeting on the Shoulder 
and Upper Limb (p. 294) 

1. Muscle eompartments and the eonneetive 
tissue sheets that separate them 

2. Two anterior muscles that aet on the pee- 
toral girdle—the peetoralis minor and ser- 
ratus anterior (table 12.1) 

3. Four posterior muscles that aet on the pee- 
toral girdle—the trapezius, levator scapu- 
lae, rhomboid minor, and rhomboid major 
(table 12.1) 

4. The four “SITS muscles” of the rota- 
tor cuff—the supraspinatus, infraspi- 
natus, teres minor, and subscapularis 
(table 12.2)—and the vulnerability of the 
rotator cuff to injuries 

5. Five additional muscles that, like the rota- 
tor cuff, also eross the shoulder joint and 
aet on the humerus—the peetoralis major, 
latissimus dorsi, deltoid, teres major, and 
eoraeobraehialis (table 12.2) 

6. Muscles of the arm that aet on the elbow 
joint—the braehialis, bieeps braehii, and 
trieeps braehii (table 12.3)—inehiding the 
individual names and courses of the two 
heads of the bieeps and three heads of the 
trieeps 

7. Muscles of the forearm that produce fore- 
arm movements—the braehioradialis, 
anconeus, pronator quadratus, pronator 
teres, and supinator (table 12.3) 

8. Superficial rmiseles of the anterior eom- 
partment of the forearm that aet on the 
wrist and hand—the flexor earpi radia- 
lis, flexor earpi ulnaris, flexor digito- 
rum superficialis, and palmaris longus 

(table 12.3) 

9. Deep muscles of the anterior eompartment 
of the forearm—the flexor digitorum pro- 
fundus and flexor pollieis longus 


10. The relationship of anterior eompartment 
muscles to the flexor retinaculum and earpal 
tunnel, and the pathology of earpal tunnel 
syndrome 

11. Superficial muscles of the posterior eom- 
partment of the forearm—the extensor 
earpi radialis longus, extensor earpi radi- 
alis brevis, extensor digitorum, extensor 
digiti minimi, and extensor earpi ulnaris 

12. Deep rmiseles of the posterior eompart- 
ment of the forearm—the abdnetor pollieis 
longus, extensor pollieis brevis, extensor 
pollieis longus, and extensor indieis 

13. The general role of the intrinsie rmiseles 
of the hand; the three major groups into 
which they ean be elassified; and the loea- 
tions of the thenar and hypothenar emi- 
nenees (table 12.5) 

14. The thenar group of hand rmiseles—the 
adductor pollieis, abductor pollieis brevis, 
flexor pollieis brevis, and opponens polli- 
eis (table 12.5) 

15. The hypothenar group of hand muscles— 
the abductor digiti minimi, flexor digiti 
minimi brevis, and opponens digiti minimi 

(table 12.5) 

16. The midpalmar group of hand rmiseles— 
four dorsal interosseous muscles; three 
palmar interosseous muscles; and four 
lumbrical muscles 

12.2 Muscles Aeting on the Hip and Lower 
Limb (p. 310) 

1. The iliopsoas of the anterior pelvie region, 
and the two muscles of the iliopsoas group— 
the iliacus and psoas major (table 12.6) 

2. The three ghiteal rmiseles— gluteus maxi- 
mus, gluteus medius, and gluteus minimus 
(table 12.6) 

3. The tensor faseiae latae of the hip and its 
relationship to the fibrous faseia lata and 
iliotibial traet of the lateral thigh (table 12.6) 

4. The deep lateral rotators of the hip—the 
gemellus superior, gemellus inferior, obtu- 
rator externus, obturator internus, pirifor- 
mis, and quadratus femoris (table 12.6) 

5. Loeations of the medial (adductor) eom- 
partment, anterior (extensor) eompart- 
ment, and posterior (flexor) eompartment 
of the thigh 

6. Muscles of the medial eompartment of the 
thigh—the adductor brevis, adductor lon- 
gus, adductor magnus, graeilis, and pee- 
tineus (table 12.6) 


7. Muscles of the anterior eompartment of 
the thigh—the sartorius and the four heads 
of the quadriceps femoris: rectus femoris, 
vastus lateralis, vastus medialis, and vas - 
tus intermedius —and the course of the 
quadriceps tendon and its extension, the 
patellar ligament (table 12.7) 

8. The hamstring muscles of the posterior 
eompartment of the thigh—the semitendi- 
nosus, semimembranosus, and bieepsfem- 
oris —and the nearby popliteus (table 12.7) 

9. Loeations of the anterior, posterior, and 
lateral eompartments of the leg (table 12.8) 

10. Anterior eompartment muscles of the 
leg—the fibularis tertius, extensor digito- 
rum longus, extensor hallucis longus, and 
tibialis anterior (table 12.8) 

11. Superficial posterior eompartment mus- 
eles of the leg—the gastrocnemius and 
soleus —and their relationship to the 
prominent ealeaneal (Aehilles) tendon 
(table 12.8) 

12. Deep posterior eompartment muscles of the 
leg—th &flexor digitomm longus, flexor hal- 
lucis longus, and tibialisposterior (table 12.8) 

13. Lateral eompartment muscles of the leg— 
the fibularis brevis and fibularis longus 
(table 12.8) 

14. Intrinsie muscles of the foot, their general 
functions, and the one muscle of the supe- 
rior side—the extensor digitomm brevis 
(table 12.9) 

15. The inferior intrinsie imiseles of the foot 
and their layered arrangement—the flexor 
digitomm brevis, abductor digiti minimi, 
and abductor hallucis of layer 1 (the most 
superficial layer); the quadratus plantae and 
four lumbrical muscles of layer 2; the adduc- 
tor hallucis, flexor digiti minimi brevis, and 
flexor hallneis brevis of layer 3; and the four 
dorsal interosseous muscles and three plantar 
interosseous muscles of layer 4 (the deepest). 
The plantar aponeurosis and its relationship 
to the layer 1 muscles (table 12.9) 

12.3 Muscle Injuries (p. 324) 

1. The eommon causes, prevention, and treat- 
ment of muscle injuries 

2. The anatomieal sites and causes of several 
eommon muscle and tendon injuries— 
baseball finger, bloeker’s arm, piteher’s 
arm, pulled groin, pulled hamstrings, rid- 
er’s bones, shinsplints, tennis elbow, and 
tennis leg (table 12.10) 
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Testing Your Reeall 


1. Which of the following muscles could you 
most easily do without? 

a. flexor digitomm profundus 

b. trapezius 

e. palmaris longus 

d. trieeps braehii 

e. tibialis anterior 

2. Which of the following has the least in 
eommon with the other four? 

a. vastus intermedius 

b. vastus lateralis 
e. vastus medialis 

d. rectus femoris 

e. bieeps femoris 

3. The trieeps surae is a muscle group eom- 
posed of 

a. the flexor halhieis longus and brevis. 

b. the gastrocnemius and soleus. 
e. lateral, medial, and long heads. 

d. the bieeps braehii and trieeps braehii. 

e. the vastus lateralis, medialis, and 
intermedius. 

4. The interosseous muscles lie between 

a. the ribs. 

b. the tibia and fibula. 
e. the radius and ulna. 

d. the metaearpal bones. 

e. the phalanges. 

5. Which of these muscles does not eontrib- 
ute to the rotator cuff? 

a. the supraspinatus 

b. the infraspinatus 
e. the subscapularis 

d. the teres major 

e. the teres minor 


6. Which of these aetions is not performed by 
the trapezms? 

a. extension of the neek 

b. depression of the scapula 
e. elevation of the scapula 

d. rotation of the scapula 

e. adduction of the humerus 

7. Both the hands and feet are aeted upon by 
a muscle or muscles ealled 

a. the extensor digitomm. 

b. the abductor digiti minimi. 

e. the flexor digitorum profundus. 

d. the abductor hallucis. 

e. the flexor digitorum longus. 

8. Which of the following muscles does not 
extend the hip joint? 

a. rectus femoris 

b. gluteus maximus 
e. bieeps femoris 

d. semitendinosus 

e. semimembranosus 

9. Both the gastroenemms and_mus- 

eles insert on the heel by way of the eal- 
eaneal tendon. 

a. semimembranosus 

b. tibialis posterior 
e. tibialis anterior 

d. soleus 

e. plantaris 

10. Which of these is not in the anterior eom- 
partment of the thigh? 

a. semimembranosus 

b. rectus femoris 

e. vastus intermedius 

d. vastus lateralis 

e. sartorms 


11. The major superficial muscle of the shoul- 
der, where injeetions are often given, is the 


12. If a muscle has the word hallucis in its 
name, it must cause movement of the 


13. Pronation of the forearm is aehieved by 

two muscles, the pronator_just distal 

to the elbow and the pronator_near 

the wrist. 

14. The three large muscles on the posterior 

side of the thigh are eolleetively known by 
the colloquial name of_muscles. 

15. Connective tissue bands ealled_ 

prevent flexor tendons from rising like 
bowstrings. 

16. The web between your thumb and palm 

eonsists mainly of the_muscle. 

17. The patella is embedded in the tendon of 

the_rmisele. 

18. The_muscle, named for its skel- 

etal attaehments, originates on the eora- 
eoid proeess of the scapula, ends on the 
humerus, and adducts the arm. 

19. The most medial adductor muscle of the 

thigh is the long, slender_. 

20. The_and_are hip flexors that 

originate on the pelvis and lumbar verte- 
brae and eonverge on a shared tendon that 
ends on the lesser troehanter of the femur. 

Answers in appendix A 


Biiilding Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 

3. -eeps 

9. lat- 


following word elements, and give a term in 

4. infra- 

10. maxim- 


which it is used. 

5. teres 



1. serrat- 

6. profund- 

7. osse- 


Answers in appendix A 

2. dorsi- 

8. ili- 
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True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. All plantar flexors in the posterior eom- 
partment of the ealf eonverge on the heel 
by way of the ealeaneal tendon. 

2. The trapezius ean aet as both a synergist 
and antagonist of the levator scapulae. 


Testing Your Comprehension 

1. Radieal masteetomy, onee a eommon treat- 
ment for breast eaneer, involved removal of 
the peetoralis major along with the breast. 
What functional impairments would result 
from this? What synergists could a physi- 
eal therapist train a patient to use to reeover 
some lost function? 

2. Table 12.4 deseribes a simple test for 
determining whether you have a palmaris 
longus muscle. Why do you think the other 
major tendon of the anterior wrist, the 


3. To push someone away from you, you 
would use the serratus anterior muscle 
more than the trapezius. 

4. Both the extensor digitomm and extensor 
digiti minimi extend the little finger. 

5. The interosseous muscles are fusiform. 

6. The aetions of the palmaris longus and 
plantaris muscles are weak and relatively 
dispensable. 


flexor earpi radialis tendon, does not stand 
out conspicuously in such a test? 

3. Poorly eonditioned, middle-aged people 
may suffer a rupture of the ealeaneal ten- 
don when the foot is suddenly dorsiflexed. 
Explain eaeh of the following signs of a 
ruptured ealeaneal tendon: (a) a promi- 
nent lump typieally appears in the ealf; 
(b) the foot ean be dorsiflexed farther than 
usual; and (c) the patient eannot plantar 
flex the foot very effeetively. 


7. The psoas major is an antagonist of the 
rectus femoris. 

8. Rapid flexion of the knee often causes 
hamstring injuries. 

9. Curling your toes employs the quadratus 
plantae muscle. 

10. The tibialis posterior and tibialis anterior 
are synergists. 

Answers in appendix A 


4. Women who habitually wear high heels 
may suffer painful “high heel syndrome” 
when they go barefoot or wear flat 
shoes. What muscle(s) and tendon(s) are 
involved? Explain. 

5. A student moving out of a dormitory 
crouches in eorreet fashion to lift a heavy 
box of books. What prime movers are 
involved as he straightens his legs to lift 
the box? 
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lntroduction 


for referenee in the ehapters that followed. This atlas shows this 
surface anatomy in eloser detail so you ean relate it to the muscu- 
loskeletal anatomy of ehapters 7 through 12. 


Regional Anatomy 

On the whole, this book takes a systems approaeh to anatomy, 
examining the structure and function of eaeh organ system, one at a 
time, regardless of which body regions it may traverse. Physieians 
and surgeons, however, think and aet in terms of regional anatomy. 
If a patient presents with pain in the lower right quadrant (LRQ) 
(see fig. 1.11, p. 15), the source may be the appendix, the small 
intestine, an ovary or uterine tube, or an inguinal muscle, among 
other possibilities. The question is to think not of an entire organ 
system (the esophagus is probably irrelevant to the LRQ), but of 
what organs are present in that region and what possibilities must 
be eonsidered as the cause of the pain. This atlas presents several 
views of the body region by region so that you ean see some of the 
spatial relationships that exist among the organ systems eonsidered 
in their separate ehapters. 


Surface Anatomy 

In the study of human anatomy, it is easy to beeome so preoccupied 
with internal structure that we forget the importanee of what we ean 
see and feel externally. Yet external anatomy and appearanee are maj or 
eoneerns in giving a physieal examination and in many aspeets of 
patient eare. A knowledge of the body’s surface landmarks is essen- 
tial to one’s eompetenee in physieal therapy, cardiopulmonary resus- 
eitation, surgery, making X-rays and eleetroeardiograms, giving 
injeetions, drawing blood, listening to heart and respiratory sounds, 
measuring the pulse and blood pressure, and finding pressure points to 
stop arterial bleeding, among other procedures. A misguided attempt 
to perform some of these procedures while disregarding or misun- 
derstanding external anatomy ean be very harmful and even fatal to 
a patient. 

Having just studied skeletal and muscular anatomy in the pre- 
eeding ehapters, this is an opportune time for you to study the 
body surface. Much of what we see there refleets the underlying 
structure of the superficial bones and muscles. A broad photo- 
graphie overview of surface anatomy is given in ehapter 1 (see 
fig. 1.10, p. 14), where it was neeessary for providing a vocabulary 


Learning Strategy 

To make the most profitable use of this atlas, refer baek to earlier 
ehapters as you study these illustrations. Relate drawings of the 
elavieles in ehapter 7 to the photograph in figure A.l, for example. 
Study the shape of the scapula in ehapter 8 and see how much 
of it you ean traee on the photographs in figure A.9. See if you 
ean relate the tendons visible on the hand (see fig. A.19) to the 
muscles of the forearm illustrated in ehapter 12, and the external 
landmarks of the pelvie girdle (see fig. A.15) to the bone structure 
in ehapter 8. 

For learning surface anatomy, there is a resource available to 
you that is far more valuable than any laboratory model or textbook 
ilhistration—your own body. For the best understanding of human 
structure, eompare the art and photographs in this book with your 
body or with structures visible on a study partner. In addition to 
bones and muscles, you ean palpate a number of superficial arter- 
ies, veins, tendons, ligaments, and eartilages, among other stme- 
tures. By palpating regions such as the shoulder, elbow, or ankle, 
you ean develop a mental image of the subsurface structures bet- 
ter than you ean obtain by looking at two-dimensional textbook 
images. And the more you ean study with other people, the more 
you will appreeiate the variations in human structure and be able 
to apply your knowledge to your future patients or elients, who will 
not look quite like any textbook diagram or photograph you have 
ever seen. Through eomparisons of art, photography, and the living 
body, you will get a much deeper understanding of the body than 
if you were to study this atlas in isolation from the earlier ehapters. 

At the end of this atlas, you ean test your knowledge of exter- 
nally visible muscle anatomy. The two photographs in figure A.25 
have 30 numbered muscles and a list of 26 names, some of which 
are shown more than onee in the photographs and some of which 
are not shown at all. Identify the muscles to your best ability with- 
out looking baek at the previous illustrations, and then eheek your 
answers in appendix A at the baek of the book. 

Throughout these illustrations, the following abbreviations 
apply: a. = artery; m. = muscle; n. = nerve; and v. = vein. Double 
letters such as mm. or vv. represent the plurals. 
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Oeeipital 


Temporal 


Auricular 



Frontal 


Orbital 

Nasal 


Oral 


Mental 


Buccal (eheek) 


Nuchal (posterior eervieal) 


Oervieal 


(a) Lateral view 



Superciliary- 

ridge 

Superior palpebral 
sulcus 

Inferior palpebral - 
sulcus 

Auricle (pinna) — 
of ear 

Philtrum- 

Labia (lips)- 


Supraclavicular 

fossa 



Frons (forehead) 

Root of nose 
Bridge of nose 


Lateral commissure 


Medial commissure 

Dorsum nasi 
Apex of nose 

Ala nasi 

Mentolabial sulcus 
Mentum (ehin) 

Sternoclavicular 

joints 

daviele 

Suprasternal noteh 
Sternum 


(b) Anterior view 




Figure A.1 The Head and Neek. (a) Anatomieal regions of the head. (b) Features of the faeial region and upper thorax. 
• Whot muscle underlies the region ofthe philtrum? Whot muscle forms the slope ofthe shoulder? 
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Sealp 


Cranium 


Frontal sinus 


Nasal eavity 


Palate 


Oral eavity 


Tongue 


Epiglottis 
Pharynx 


Voeal eord 


Larynx 


T raehea 


Esophagus 



Cerebrum 


Brainstem 


Cerebellum 


Foramen magnum 
of skull 


Spinal eord 


Vertebral column 


Intervertebral dises 




Figure A.2 Median Seetion of the Head. Shows eontents of the eranial, nasal, and oral eavities and vertebral eanal. 


© McGraw-Hill Education/Rebecca Gray, photographer/Don Kineaid, disseetions 
















































Atlas of Regional and Surface Anatomy 


333 


Platysma m. 
Trapezius m 


Clavicle 


Deltoid m. 


Cephalic v 


Breast 


Bieeps braehii m 


lnguinal ligament 


Sartorius m. 


Femoral v. 



External abdominal 
oblique m. 


Tensor faseiae latae m 


Great saphenous v 


Vastus lateralis m. 


Rectus femoris m. 


Peetoralis major m 


Sheath of rectus 
abdominis m. 


Umbilicus 


Anterior superior 
spine of ilium 


Mons pubis 


Adductor longus m 


Graeilis m. 


Figure A.3 Superficial Anatomy of the Trunk (Female). Surface anatomy is shown on the anatomieal left, and structures immediately deep to 
the skin on the right. 






































334 


part t wo Support and Movement 


Internal jugular v. 
External jugular v 


Omohyoid m. 


eiavide 


Internal 
intereostal mm. 


External 
intereostal mm 



Oostal 
eartilages 


Liver 


Gallbladder 


Penis 


Scrotum 



External abdominal 
oblique m. 

Internal abdominal 
oblique m. 

Transverse abdominal m 


Greater omentum 


llrinary bladder 


Common 
earotid a. 


Sternum 


Sub- 

scapularis m 


Coraco- 
braehialis m. 


Lung 


Pericardium 


Pleura 


Diaphragm 


Stomaeh 


Large 

intestine 


Femoral n. 
Femoral a. 


Femoral v. 


Figure A.4 Anatomy at the Level of the Rib Cage and Greater Omentum (Male). The anterior body wall is removed, and the ribs, intereostal 
muscles, and pleura are removed from the anatomieal left. 
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Thyroid eartilage of larynx 


Thyroid gland 


Braehial nerve plexus 


Superior vena 


eava 


Coraco- 
braehialis m. 


Humerus 


Lobes of lung 


Small intestine 


Cecum 


Appendix 


Tensor faseiae latae m 


Pectineus m. 


Adductor longus m. 


Graeilis m. 


Adductor magnus m 


Rectus femoris m. 



Braehio- 
eephalie v. 


Subclavian v 


Subclavian a 


Aortie areh 


Axillary v. 

Axillary a. 
Cephalic v. 

Braehial v. 

Braehial a. 


Heart 


Spleen 


Stomaeh 


Large 

intestine 


Penis (cut) 


Ductus 

deferens 


Epididymis 

Testis 


Scrotum 


Figure A.E Anatomy at the Level of the Lungs and Intestines (Male). The sternum, ribs, and greater omentum are removed. 
• Nome severol viseero thot ore proteeted by the rib eoge. 
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Superior vena eava 


Bronchus 


Esophagus 


Pleural eavity 


Hepatie vv. 


Inferior vena eava 


Splenie a. 


Duodenum 


Superior mesenterie v. 


Llreter 


Ovary 


Llterine tube 


Uterus 


Pectineus m 


Graeilis m. 



Abdominal aorta 


Oommon iliae a. 


Urinary bladder 


Adductor longus m. 


T raehea 


Lung 

(seetioned) 


Thoraeie aorta 


Spleen 

Adrenal gland 
Panereas 

Kidney 

Superior 
mesenterie a. 

Inferior 
mesenterie a. 


Tensor faseiae 
latae m. (cut) 

Sartorius m. (cut) 


Rectus 

femoris m. (cut) 


Adductor brevis m. 

Vastus intermedius 
m. 

Adductor 
longus m. (cut) 

Vastus lateralis m. 
Vastus medialis m. 


Figure A.6 Anatomy at the Level of the Retroperitoneal Viseera (Female). The heart is removed, the lungs are frontally seetioned, and the 
viseera of the peritoneal eavity and the peritoneum itself are removed. 
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Right eommon earotid a. 


Right siibelavian a. 


Braehioeephalie trunk 


External 
intereostal m. 


Ribs 


Internal 
intereostal m 


Quadratus 
lumborum m. 


Psoas major m. 


Iliacus m. 


Gluteus medius m. 


Rectum 


Vagina 


Llrethra 


Femur 


Graeilis m. 


Adductor longus m. 



Left eommon 
earotid a. 


Left subclavian a 


Thoraeie aorta 


Esophagus 


Diaphragm 


Abdominal aorta 


Intervertebral dise 
Lumbar vertebra 


lliae erest 


llium 


Sacrum 


Anterior superior 
spine of ilium 


Brim of pelvis 


Adductor magnus m 
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Figure A.7 Anatomy atthe Level of the Posterior Body Wall (Female). The lungs and retroperitoneal viseera are removed. 
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Supraclavicular — 
fossa 

Clavicle- 

Aeromion- 

Deltoid m.- 

Peetoralis major m. 
Nipple- 


Rectus- 

abdominis m. 


Tendinous- 

interseetion of 
rectus abdominis m. 

Anterior superior — 
spine of ilium 

lliae erest- 

lnguinal ligament — 



Sternoeleidomastoid m. 

Thyroid eartilage 
Trapezius m. 

Sternum: 

- Suprasternal noteh 

- Manubrium 

- Angle 

- Body 

-Xiphoid proeess 


Serratus anterior mm. 

Linea semilunaris 
Linea alba 

Umbilicus 

External abdominal 
oblique m. 


(a) Male 



Supraclavicular 

fossa 

eiaviele- 

Aeromion- 

Deltoid m.- 

Breast: 

Axillary tail — 
Nipple- 

Areola- 

Corpus (body) 


Costal margin- 

Linea semilunaris- 

External abdominal 
oblique m. 



(b) Female 


Trapezius m. 


Sternum: 

- Suprasternal noteh 

- Manubrium 

- Angle 

- Body 

- Xiphoid proeess 


Linea alba 

Rectus 
abdominis m. 

Umbilicus 


Anterior superior 
spine of ilium 



Figure A.8 The Thorax and Abdomen, Anterior View. All of the features labeled are eommon to both sexes, though some are labeled only on 
the photograph that better shows them. 

• The V-shoped tendons on eoeh side ofthe soprosterno! noteh in port (o) belong to whot muscles? 
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Flexor earpi ulnaris 


Braehioradialis 


Bieeps braehii 
Trieeps braehii 

Deltoid: 

Anterior part 

Middle part 
Posterior part 


Teres major 
lnfraspinatus 


Medial border 
of scapula 


Trapezius 


Vertebral furrow 


Ereetor spinae 


Latissimus dorsi 


lliae erest 




(a) Male 


lnfraspinatus 
Trapezius — 


Oleeranon- 

lliae erest- 

Gluteus medius - 
Gluteus maximus 


Hamstring muscles 



Aeromion 

Medial border 
of scapula 


Inferior angle 
of scapula 

Latissimus 

dorsi 

Ereetor spinae 


Sacrum 

Coccyx 
Natal eleft 

Greater 
troehanter 
of femur 

Gluteal fold 



(b) Female 


Figure A.9 The Baek and Gluteal Region. All of the features labeled are eommon to both sexes, though some are labeled only on the 
photograph that better shows them. 
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PART TWO 


Support and Movement 



Internal jugular v. 


Subclavian v. 


Nerves 


Lungs 


Ribs 


Heart 


Diaphragm 



Figure A.IO Frontal View of the Thoraeie Cavity. 


Anterior 



Peetoralis 
major m. 


Ventrieles 
of heart 


Perieardial 

eavity 


Atria of heart 


Left lung 


Pleural eavity 



Fat of breast 


Sternum 

Ribs 


Right lung 

Esophagus 

Aorta 

Vertebra 
Spinal eord 


Posterior 



Figure A.l^ Transverse Seetion of the Thorax. Seetion taken at the level shown by the inset and oriented the same as the reader’s body. 
• In this seetion, vvhieh term best deseribes the position ofthe aorta relative to the heart: posterior, lateral, or proximal? 
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Lung 


Diaphragm 


Transverse eolon 


Gallbladder 


Small intestine 


Mesenterie 
arteries and veins 

Mesentery 
Deseending eolon- 


Cecum 


Sigmoid eolon 



Figure A.12 Frontal View of the Abdominal Cavity. 
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fat of 
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Rectus 
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Figure A.13 Transverse Seetion of the Abdomen. Seetion taken at the level shown by the inset and oriented the same as the reader’s body, 
• Whot tissue in this photogroph is immediotely superficiol to the rectus obdominis muscle? 
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part t wo Siipport and Movement 



Llrinary bladder 


Pubic symphysis 


Seminal vesiele 


Prostate gland 


Penis: 

Root 

Bulb 


Shaft: 

Corpus 


Glans 



cavernosum 


Corpus 
spongiosum 


(a) Male 


Sigmoid eolon 


Rectum 


Anal eanal 


Anus 


Epididymis 


Scrotum 


Testis 





Mesentery — 
Small intestine 


Uterus- 

Cervix- 

Urinary bladder - 

Pubic symphysis 

Urethra- 

Vagina- 

Labium minus — 

Prepuce - 

Labium majus — 



Vertebra 

Red bone marrovv 
Intervertebral dise 

Saemrn 
Sigmoid eolon 


Rectum 

Anal eanal 
Anus 



(b) Female 

Figure A.14 Median Seetions of the Pelvie Cavitiy. Vievved from the left 


© McGraw-Hill Education/Dennis Strete, photographer 
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(a) Anterior view (b) Posterior view 


Figure A.15 Pelvie Landmarks. (a) The anterior superior spines of the ilium are marked by anterolateral protuberances (arrows) at about the 
loeation where the poekets usually open on a pair of pants. (b) The posterior superior spines are marked in some people by dimples in the saeral 
region (arrows). 



Oleeranon 


Bieeps braehii 


Trieeps braehii 


Anterior axillary fold (peetoralis major) 
Posterior axillary fold (latissimus dorsi) 


Deltoid 

Axilla (armpit) 


Peetoralis major 


Latissimus dorsi 



Figure A.16 The Axillary Region. 
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part t wo Support and Movement 


Interphalangeal 

joints 


Metaearpophalangeal 

joints 

Styloid proeess- 

of radius 


Extensor digitorum 



Trapezius 


Aeromion 


Deltoid 

Peetoralis major 
Bieeps braehii 

Trieeps braehii: 

Lateral head 
Long head 

Braehioradialis 

Extensor earpi 
radialis longus 

Lateral epieondyle 
of humerus 

Oleeranon 








Figure A.17 The Upper Limb, Lateral View. 


Cubital fossa 
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(a) Anterior view 



Trieeps braehii 


Oleeranon 

Head of radius 
Braehioradialis 


Flexor earpi ulnaris 
Extensor earpi ulnaris 

Extensor digitorum 


Tendons of extensor digitorum 
Dorsum of hand 


(b) Posterior view 


Figure A.18 The Right Antebrachium (Forearm). 

• Only two tendons ofthe extensor digitomm ore lobeled, but how mony tendons does this muscle hove in oll? 


© McGraw-Hill Education/Joe De Grandis, photographer 
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Interphalangeal 

joints 

Metaearpophalangeal 

joint 

Flexion lines 

Pollex (thumb) 

Hypothenar eminenee 

Thenar eminenee 

Flexion lines 

Flexor earpi radialis 
tendon 

Palmaris longus 
tendon 



(a) Anterior (palmar) view 


Adductor pollieis 


Extensor digitomm 
tendons 


Extensor pollieis 
longus tendon 


Anatomieal snuffbox 


Extensor pollieis 
brevis tendon 


Styloid proeess 
of radius 


Styloid proeess 
of ulna 




(b) Posterior (dorsal) view 


Figure A.19 The Right Wrist and Hand. 

• Mork the spot on one or both photogrophs where o soddle joint eon be found. 
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Lateral 



Medial 



Medial 



Lateral 



Tensor faseiae latae 


Rectus femoris 


Graeilis 


Vastus lateralis 
Vastus medialis 


Quadriceps— 
femoris tendon 

lliotibial traet — 


Patella 


Patellar ligament 


Tibial tuberosity 




(a) Anterior view 


Vastus lateralis 


Bieeps femoris- 

(long head) 

Semitendinosus — 
Semimembranosus 


Graeilis 


Popliteal fossa 


Gastrocnemius 



(b) Posterior view 


Figure A.20 The Right Thigh and Knee. Loeations of posterior thigh muscles are indieated, but the boundaries of the individual muscles are 
rarely visible on a living person. 

• Mork the spot on port (o) vvhere the vostus intermedius would be found. 


© McGraw-Hill Education/Joe De Grandis, photographer 
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Vastus lateralis 


Bieeps femoris 


lliotibial traet 


Lateral epieondyle of femur 
Head of fibula 


Patellar ligament 


Gastrocnemius, lateral head 


Soleus 


Fibularis longus 


Tibialis anterior 


Tendons of fibularis longus and brevis 


Calcaneal tendon 


Lateral malleolus 
of fibula 


Calcaneus 


Semimembranosus 
and tendon 

Vastus medialis 


Patella 


Semitendinosus tendon 


Medial epieondyle of 
femur 


Medial eondyle of tibia 


Gastrocnemius, 
medial head 


Soleus 


Tibia 


Medial malleolus 


Tibialis anterior tendon 


Medial longitudinal areh 


Abductor hallucis 


Head of metatarsal 


Figure A.2 The Leg and Foot. (a) Lateral view of the left limb. 
(b) Medial view of the right limb. 

• The loterol molleolus is port ofvvhot bone? 





(b) Medial view 


© McGraw-Hill Education/Joe De Grandis, photographer 
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PART TWO 


Support and Movement 


Medial i Lateral 


Bieeps femoris tendon 
Semitendinosus tendon 

Popliteal fossa- 


Gastrocnemius: 
Medial head - 

Lateral head - 
Soleus- 

Fibularis longus 


Tibialis anterior- 

Calcaneal tendon- 

Lateral malleolus- 

Extensor digitorum brevis 
Calcaneus- 




Figure A.22 The Right Leg and Foot, Posterior View. 
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(a) Plantar view 


(b) Dorsal view 


Soleus 

Tibia 


-Tibialis anterior 


Medial malleolus 


Lateral malleolus 


Site for palpating dorsal pedal artery 
Extensor hallucis longus tendon 

Extensor digitorum longus tendons 


Head of metatarsal 


Hallux (great toe) 




Figure A.23 The Foot, Plantar and Dorsal Views. Compare the arehes in part (a) to the skeletal anatomy in figure 8.16 (p. 200). 


© McGraw-Hill Education/Joe De Grandis, photographer 
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(a) Lateral view 


Calcaneal tendon 


Lateral malleolus 

Extensor digitomm brevis 

Extensor digitorum longus 
tendons 

Lateral longitudinal areh 



eo 

<w> 





(b) Medial view 

Figure A.24 The Foot, Lateral and Medial Views. 

• indieote the loeotion ofmiddle pholonx I on eoeh photogroph. 
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(a) Anterior view (b) Posterior view 


Figure A.25 Test of Muscle Reeognition. To test your knowledge of muscle anatomy, mateh the 30 labeled muscles on these photographs to 
the following alphabetieal list of muscles. Answer as many as possible without referring baek to the previous illustrations. Some of these names will 
be used more than onee sinee the same muscle may be shown from different perspeetives, and some of these names will not be used at all. The 
answers are in appendix A. 
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J- 

infraspinatus 

s. 

sternoeleidomastoid 

b. 

braehioradialis 

k. 

latissimus dorsi 

t. 
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e. 

deltoid 

1 . 

pectineus 

u. 

teres major 

d. 

ereetor spinae 

m. 

peetoralis major 

V. 

tibialis anterior 

e. 

external abdominal oblique 

n. 

rectus abdominis 

w. 
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f. 

flexor earpi ulnaris 

0 . 

rectus femoris 

X. 

trieeps braehii 

g- 

gastrocnemius 

P- 

serratus anterior 

y- 

vastus lateralis 

h. 

graeilis 

q- 

soleus 

z. 

vastus medialis 
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1 . 

hamstrings 

r. 

splenius eapitis 
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part three Integration and Control 


T he next five ehapters are eoneerned with the nervous sys- 

tem. This is a system of great complexity and mystery. It is 
the foundation of all our conscious experiences, person- 
ality, and behavior. It profoundly intrigues biologists, physieians, 
psyehologists, and even philosophers. Llnderstanding this fas- 
einating system is regarded by many as the ultimate ehallenge 
faeing the behavioral and life seienees. 

We begin our study at the simplest organizational level—the 
nerve eells (neurons) and eells ealled neuroglio that support their 
function in various ways. We then progress to the organ level to 
examine the spinal eord (ehapter 14), brain (ehapter 15), autonomic 
nervous system (ehapter 16), and sense organs (ehapter 17). 



Overview of the 
Nervous System 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the function of the nervous system; 

b. deseribe the anatomieal subdivisions of the nervous 
system; 

e. explain the functional differenees between these 
subdivisions; and 

d. define nerve, ganglion, reeeptor, and effeetor. 


If the body is to maintain homeostasis and function effeetively, 
its trillions of eells must work together in a eoordinated fashion. 
If eaeh eell behaved without regard to what others are doing, 
the result would be physiologieal ehaos and death. We have two 
organ systems dedieated to maintaining internal eoordination—the 
endoerine system, which eomrmmieates by means of ehemieal 
messengers (hormones) seereted into the blood, and the nervous 
system (fig.13.1), which employs eleetrieal and ehemieal means 
to send messages very quickly from eell to eell. The study of the 
nervous system is ealled neurobiology. Its primary subdisciplines 
are neuroanatomy and neurophysiology. 

The nervous system earries out its eoordinating task in three 
basie steps: (1) Through sensory nerve endings, it reeeives infor- 
mation about ehanges in the body and external environment 
and it transmits eoded messages to the spinal eord and brain. 
(2) The spinal eord and brain proeess this information, relate it to 
past experience, and determine what response, if any, is appro- 
priate to the circumstances. (3) The spinal eord and brain issue 
eommands primarily to muscle and gland eells to earry out such 
responses. 

The nervous system has two major anatomieal subdivisions 

(fig. 13.2): 

• The eentral nervous system (CNS) eonsists of the brain and 
spinal eord, which are enelosed and proteeted by the cranium 
and vertebral column. 


Oentral nervous 
system (CNS) 


Brain 




Peripheral nervous 
system (PNS) 


Nerves 


Ganglia 


Figure 13.1 The Nervous System. 

• Which division, the CNS or PNS, is likely to suffer the most frequent 
injuries? Why? 
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Figure 13.2 Subdivisions of the Nervous System. 
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• The peripheral nervous system (PNS) eonsists of all 
the nervous system except the brain and spinal eord. It is 
eomposed of nerves and ganglia. A nerve is a bundle of 
nerve fibers (axons) wrapped in fibrous eonneetive tissue. 
Nerves emerge from the CNS through foramina of the skull 
and vertebral column and earry signals to and from other 
organs of the body. A ganglion 1 (plural, ganglia ) is a knot- 
like swelling in a nerve where the eell bodies of neurons are 
eoneentrated. 


The peripheral nervous system is functionally divided into sen- 
sory and motor divisions, and eaeh of these is further divided into 
somatie and viseeral divisions. 


The sensory (afferent 2 ) division earries sensory signals from 
various reeeptors (sense organs and simple sensory nerve 
endings) to the CNS. This is the pathway that informs the 
CNS of stimuli within and around the body. 

• The somatie 3 sensory division earries signals from reeep- 
tors in the skin, muscles, bones, and joints. 

• The viseeral sensory division earries signals mainly from 
the viseera of the thoraeie and abdominal eavities, such as 
the heart, hmgs, stomaeh, and urinary bladder. 

The motor (efferent 4 ) division earries signals from the CNS 
to gland and muscle eells that earry out the body’s responses. 
Cells and organs that respond to eommands from the nervous 
system are ealled effeetors. 

• The somatie motor division earries signals to the skeletal 
muscles. This output produces muscular eontraetions that 
are under voluntary eontrol, as well as involuntary muscle 
eontraetions ealled somatie reflexes. 

• The viseeral motor division (autonomic 5 nervous 
system, ANS) earries signals to glands, eardiae muscle, and 
smooth muscle. We usually have no vohmtary eontrol over 
these effeetors, and this system operates at an unconscious 
level. The responses of this system and its effeetors are 
viseeral reflexes. The autonomic nervous system has two 
further divisions: 

• The sympathetie division tends to arouse the body 
for aetion—for example, by aeeelerating the heartbeat 
and inereasing respiratory airflow—but it inhibits 
digestion. 

• The parasympathetie division adapts the body for 
energy intake and eonservation. It stimulates digestion 
but slows down the heartbeat and reduces respiratory 
airflow, for example. 


The foregoing terminology may give the impression that the 
body has several nervous systems—eentral, peripheral, sensory, 
motor, somatie, and viseeral. These are just terms of eonvenienee, 
however. There is only one nervous system, and these subsystems 
are intereonneeted parts of the whole. 


'gangli = knot 

2 af — ad = tovvard; fer = to earry 
3 somat = body; /e = pertaining to 
4 ef = ex = out, avvay; fer = to earry 
5 auto = self; nom = lavv, governanee 


Before Yoii Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. Define reeeptor and effeetor. Give two examples of eaeh. 

2. Distinguish between the eentral and peripheral nervous 
systems, and between the viseeral and somatie divisions 
of the sensory and motor systems. 

3. What is another name for the viseeral motor nervous sys- 
tem? What are the two subdivisions of this system? How do 
they differ in their effeets on the body? 




Nerve Cells 
(Neurons) 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the properties that neurons must have to 
earry out their function; 

b. define three functional elasses into which all neurons 
fall; 

e. deseribe the structure of a representative neuron; and 
d. deseribe some variations in neuron structure. 


Llniversal Properties of Neurons 

The functional unit of the nervous system is the nerve eell, or neu- 
ron; neurons earry out the system’s communicative role. These 
eells have three fundamental physiologieal properties that are nee- 
essary to this function: 

1. Excitability (irritability). All eells possess excitability, or 
responsiveness to environmental ehanges ealled stinmli. 
Neurons have developed this property to the highest 
degree. 

2. Conductivity. Neurons respond to stimuli by producing 
traveling eleetrieal signals that quickly reaeh other eells at 
distant loeations. 

3. Seeretion. When the eleetrieal signal reaehes the end of a 
nerve fiber, the neuron usually seeretes a ehemieal ealled a 
neurotransmitter that erosses a small gap between eells and 
stimulates the next eell. 


Apply What You Know 

What basie physiologieal properties do a nerve eell and a 
muscle eell have in eommon? Identify one property that eaeh 
eell type has that the other one laeks. 
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Peripheral nervous system Central nervous system 


© Sensory (afferent) 
neurons conduct 
signals from reeeptors 
to the CNS. 



© Motor (efferent) 
neurons conduct 
signals from the CNS 
to effeetors such as 
muscles and glands. 







® lnterneurons 
are eonfined 
to the CNS. 


Figure 13.3 Functional eiasses of Neurons. Sensory (afferent) 
neurons earry signals to the eentral nervous system (CNS); 
interneurons are eontained entirely within the CNS and earry signals 
from one neuron to another; and motor (efferent) neurons earry signals 
from the CNS to muscles and glands. 

• How do the origins ofthe words afferent ond efferent relote to the 
functions ofthe respeetive neurons? 


Fimetional dasses of Neurons 

There are three general elasses of neurons (fig. 13.3) eorresponding 
to the three maj or aspeets of nervous system function listed earlier: 

1. Sensory (afferent) neurons are speeialized to deteet stimuli 
such as light, heat, pressure, and ehemieals and to transmit 
information about them to the CNS. These neurons ean begin 
in almost any organ of the body but always end in the brain 
or spinal eord; the word afferent refers to signal conduction 
toward the CNS. Some sensory reeeptors, such as pain and 
smell reeeptors, are themselves neurons. In other eases, 
such as taste and hearing, the reeeptor is a separate eell that 
communicates direetly with a sensory neuron. 

2. Interneurons 6 lie entirely within the CNS. They reeeive 
signals from many other neurons and earry out the integrative 
function of the nervous system—that is, they proeess, store, 
and retrieve information and “make deeisions” about how the 
body responds to stimuli. About 90% of human neurons are 
interneurons. The word interneuron refers to the faet that they 
lie between, and intereonneet, the ineoming sensory pathways 
and the outgoing motor pathways of the CNS. 


6 inter = between 


3. Motor (efferent) neurons send signals predominantly to 
muscle and gland eells, the effeetors that earry out the body’s 
responses to stimuli. They are ealled motor neurons because 
most of them lead to muscle eells, and efferent neurons to 
signify that they conduct signals awayfrom the CNS. 

Structure of a Neuron 

There are several varieties of neurons, as we shall see, but a good start- 
ing point for discussing neuron stucture is a motor neuron of the spinal 
eord (fig. 13.4). The eontrol eenter of the neuron is its neurosoma, 7 
also ealled the soma or eell body. It has a single, eentrally loeated 
nucleus with a large nucleolus. The eytoplasm eontains mitoehondria, 
lysosomes, a Golgi complex, numerous inclusions, and an extensive 
rough endoplasmie reticulum and eytoskeleton. The eytoskeleton 
eonsists of a dense mesh of microtubules and neurofibrils (bundles 
of aetin filaments) that eompartmentalize the rough ER into dark- 
staining regions ealled Nissl 8 9 bodies, unique to neurons (fig. 13.4d, e). 
Nissl bodies are a helpful clue to identifying neurons in tissue seetions 
with mixed eell types. Mature neurons laek eentrioles and apparently 
undergo no further mitosis after adoleseenee, but they are unusually 
long-lived eells, eapable of functioning for over a hundred years. 
Even in old age, however, there are unspecialized stem eells in the 
CNS that divide and develop into new neurons. 

The major eytoplasmie inehisions in a neuron are glyeogen 
granules, lipid droplets, melanin, and a golden brown pigment 
ealled lipofnsein 9 (LIP-oh-FEW-sin)—produced when lysosomes 
digest worn-out organelles and other products. Lipofuscin eolleets 
with age and pushes the nucleus to one side of the eell. Lipofuscin 
granules are also ealled “wear-and-tear granules” because they are 
most abundant in old neurons. 

The soma of a spinal motor neuron gives rise to a few thiek pro- 
eesses that braneh into a vast number of dendrites 10 11 —named for 
their striking resemblanee to the bare branehes of a tree in winter. 
The dendrites are the primary sites for reeeiving signals from other 
neurons. Some neurons have only one dendrite and some have thou- 
sands. The more dendrites a neuron has, the more information it ean 
reeeive from other eells and ineorporate into its deeision making. As 
tangled as the dendrites may seem, they provide exquisitely preeise 
pathways for the reeeption and proeessing of neural information. 

On one side of the soma is a mound ealled the axon hilloek, 
from which the axon (nerve fiber) originates. The axon hilloek and 
nearby portion of the axon ( initial segment) are eolleetively ealled 
the trigger zone, because this is usually where the neuron first 
generates aetion potentials —eleetrieal ehanges that constitute the 
nerve signal. An axon is speeialized for rapid conduction of nerve 
signals to points remote from the soma. It is eylindrieal and rela- 
tively unbranched for most of its length; however, it may give rise 
to a few branehes ealled axon eollaterals along the way, and most 
axons braneh extensively at their distal end. An axon’s eytoplasm is 
ealled the axoplasm and its membrane the axolemma. 1 1 A neuron 
never has more than one axon, and some neurons in the retina and 

7 somo = body 

8 Franz Nissl (1860-1919), German neuropathologist 

9 //'po = fat, lipid; fusc = dusky, brown 

w dendr = tree, braneh; ite = little 

11 axo = axis, axon; lemma = husk, peel, sheath 
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Figure 13.4 A Representative Neuron. The Schwann eells and myelin sheath are explained later in this ehapter. (a) A rrmltipolar neuron such as 
a spinal motor neuron. (b) Photograph ofthis neuron type. (e) Detail of myelin sheath. (d) Neurofibrils ofthe soma. (e) Nissl bodies, stained masses of 
rough ER separated by the bundles of neurofibrils shown in part (d). 

• VVhat feature ofthis neuron is the basis for elassifying it as multipolar? (Relate this figure to the discussion offig. 13.5.) 
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brain have none. Many axons are eovered in a myelin sheath, which 
inereases the neuron’s energy effieieney and speed of signal conduc- 
tion. Myelin is explained in more detail in ehapter seetion 13.3. 

Neurosomas range from 5 to 135 pm in diameter, whereas 
axons range from 1 to 20 pm in diameter and from a few milli- 
meters to more than a meter long. Such dimensions are more 
impressive when we seale them up to the size of familiar objeets. If 
the soma of a spinal motor neuron was the size of a tennis ball, its 
dendrites would form a huge bushy mass that could fill a 30-seat 
elassroom from floor to eeiling. Its axon would be up to a mile 
long but a little narrower than a garden hose. This is quite a point 
to ponder. The neuron must assemble molecules and organelles 
in its “tennis ball” soma and deliver them through its “mile-long 
garden hose” to the end of the axon. In a proeess ealled axonal 
transport, neurons employ motorproteins that ean earry organelles 
and macromolecules as they crawl along the eytoskeleton of the 
nerve fiber to distant destinations in the eell. 


12 


At the distal end, an axon usually has a terminal arborization 
an extensive complex of fine branehes. Eaeh braneh ends in a dilated 
tip ealled the presynaptie terminal (terminal button). Here, the 
terminal forms a junction (synapse 13 ) with a muscle eell, gland eell, 
or another neuron. Synapses are deseribed in detail later in this ehap- 
ter. Autonomic fibers do not have presynaptie terminals, but have 
numerous beads ealled varieosities along their terminal branehes 
(see fig. 10.18, p. 256). Eaeh varieosity seeretes neurotransmitter 
into its general vieinity and stimulates many target eells at onee. 


Apply What You Know 

When proteins are needed in the presynaptie terminal, they 
must be made in the neurosoma, which is sometimes far away, 
and transported down the axon to the terminal. Why do you 
think they eannot simply be made loeally, in the terminal itself? 


Neuronal Variety 

Not all neurons fit every detail of the preeeding deseription. Neu- 
rons are elassified structurally aeeording to the number of pro- 
eesses extending from the soma (fig. 13.5). 

• Multipolar neurons are those, like the preeeding, that have 
one axon and two or more (usually many) dendrites. This is 
the most eommon type of neuron and includes most neurons 
of the brain and spinal eord. 

• Bipolar neurons have one axon and one dendrite. Examples 
include olfaetory eells of the nasal eavity, some neurons of 
the retina, and sensory neurons of the inner ear. 

• IJnipolar neurons have only a single proeess leading away 
from the soma. They are represented by the neurons that earry 
sensory signals to the spinal eord. These neurons are also ealled 
pseudounipolar 14 because they start out as bipolar neurons in 
the embryo, but their two proeesses fuse into one as the neuron 
matures. A short distanee away from the soma, the proeess 


u orbor = treelike 

13 syn = together; ops = to touch, join 
n pseudo = false 
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Figure 13.5 Variation in Neuron Structure. Top row, left to right: 
Two multipolar neurons of the brain—a pyramidal eell and a Purkinje 
eell. Seeond row, left to right: Two bipolar neurons—a bipolar eell of the 
retina and an olfaetory neuron. Third row: A unipolar neuron of the type 
involved in the senses of touch and pain. Bottom row: An anaxonic 
neuron (amaerine eell) of the retina. 
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branehes like a T, with a peripheral fiber earrying signals from 
the source of sensation and a eentralfiber continuing into the 
spinal eord. In most other neurons, a dendrite earries signals 
toward the soma, and an axon earries them away. In unipolar 
neurons, however, there is one long fiber that bypasses the 
soma and earries nerve signals direetly to the spinal eord. The 
dendrites are the branehing reeeptive endings in the skin or 
other plaee of origin, while the rest of the fiber is eonsidered to 
be the axon (defined in these neurons by the presenee of myelin 
and the ability to generate aetion potentials). 

• Anaxonic neurons have multiple dendrites but no axon. They 
communicate over short distanees through their dendrites and 
do not produce aetion potentials. Anaxonic neurons are found 
in the brain, retina, and adrenal medulla. In the retina, they 
help in visual proeesses such as the pereeption of eontrast. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

4. Explain why neurons could not fiinetion without the proper- 
ties of excitability, conductivity, and seeretion. 

5. Distinguish between sensory neurons, interneurons, and 
motor neurons. 

6. Define eaeh of the following and explain its importanee to 
neuronal function: dendrites, somo, oxon, and presynoptie 
terminol. 

7. Sketeh a multipolar, bipolar, unipolar, and anaxonic neuron; 
next to eaeh sketeh, state one plaee where such a neuron 
could be found. 




Supportive Cells 
(Neuroglia) 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. name six types of eells that aid neuron function and 
state their respeetive loeations and functions; 

b. deseribe the myelin sheath that is formed around 
eertain nerve fibers; 

e. deseribe how the speed of nerve signal conduction 
varies with nerve fiber diameter and the presenee or 
absenee of myelin; and 

d. explain the relevanee of neuroglia to the regeneration 
ofdamaged nervefibers. 


There are about a trillion (10 ) neurons in the nervous system— 
10 times as many neurons in one person as there are stars in our gal- 
axy! Because they are so extensively branehed, they make up about 
50% of the volume of the nervous tissue. Yet they are outnumbered 


at least 10 to 1 by supportive eells ealled neuroglia (noo-ROG-lee- 
uh), or glial (GLEE-ul) eells. Glial eells proteet the neurons and aid 
their function. The word glia, which means 4í glue,” implies one of 
their roles—they bind neurons together. In the fetus, glial eells form 
a seaffold that guides young migrating neurons to their destinations. 
Wherever a mature neuron is not in synaptie eontaet with another 
eell, it is eovered with glial eells. This prevents neurons from eon- 
taeting eaeh other except at points speeialized for signal transmis- 
sion, and thus lends preeision to their conduction pathways. 

Types of Neuroglia 

There are six major eategories of neuroglia, eaeh with a unique 
function (table 13.1). Four types occur only in the eentral nervous 
system (fig. 13.6): 

1. Oligodendroeytes 15 (OL-ih-go-DEN-dro-sites) somewhat 
resemble an octopus; they have a bulbous body with as 
many as 15 armlike proeesses. Eaeh proeess reaehes out to a 
nerve fiber and spirals around it like eleetrieal tape wrapped 
repeatedly around a wire. This wrapping, ealled the myelin 
sheath, insulates the nerve fiber from the extracellular fluid 
and speeds up signal conduction in the nerve fiber. 


15 o//'go = few; dendro = branehes; eyte = eell 


TABLE 13.1 Types of Glial Cells 


Type 

Loeatìon 

Oligodendroeytes 

CNS 

Ependymal eells 

CNS 

Mieroglia 

CNS 

Astroeytes 

CNS 

Schwann eells 

PNS 

Satellite eells 

PNS 


Functions 

Form myelin in brain and spinal 
eord 

Line eavities of brain and spinal 
eord; seerete and circulate 
eerebrospinal fluid 

Phagoeytize and destroy 
mieroorganisms, foreign matter, 
and dead nervous tissue 

Cover brain surface and 
nonsynaptie regions of neurons; 
form supportive framework for 
the CNS; stimulate formation 
of blood-brain barrier; nourish 
neurons and seerete growth 
stimulants; influence synaptie 
signaling between neurons; 
help to regulate eomposition 
of the extracellular fluid in the 
CNS; form sear tissue to replaee 
damaged nervous tissue 

Form neurilemma around all PNS 
nerve fibers and myelin around 
most of them; aid in regeneration 
of damaged nerve fibers 

Surround somas of neurons in the 
ganglia; insulate them and regulate 
their ehemieal environment 
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Figure 13.6 Neuroglia of the Oentral Nervous System. 

2. Ependymal 16 (ep-EN-dih-mul) eells resemble a cuboidal 
epithelium lining the internal eavities of the brain and spinal 
eord. Unlike tme epithelial eells, hovvever, they have no 
basement membrane and they exhibit rootlike proeesses that 
penetrate into the underlying tissue. Ependymal eells produce 
a signifieant fraetion of the eerebrospinal fluid (CSF), a elear 
liquid that bathes the CNS and fills its internal eavities. Some 
ependymal eells have patehes of eilia on their apieal surfaces 
that help to circulate the CSF. Ependymal eells and CSF are 
eonsidered in more detail in ehapter 15 (p. 404). 

3 . Mieroglia are small maerophages that develop from white blood 
eells ealled monoeytes. They wander through the CNS, putting 
out fingerlike extensions to eonstantly probe the tissue for cellular 
debris or other problems. They are thought to perform a eomplete 
checkup on the brain tissue several times a day, phagoeytizing 
dead tissue, mieroorganisms, and other foreign matter. They 
beeome eoneentrated in areas damaged by infeetion, trauma, or 
stroke. Pathologists look for clusters of mieroglia in histologieal 
seetions of the brain as a clue to sites of injury. Mierogha also 
aid in synaptie remodeling—ehanging the eonneetions between 
neurons during nervous system development. 

4. Astroeytes 17 are the most abundant glial eells in the CNS and 
constitute over 90% of the tissue in some areas of the brain. 
They eover the entire brain surface and most nonsynaptie 
regions of the neurons in the gray matter of the CNS. They 
are named for their many-branehed, somewhat starlike shape. 
They have the most diverse functions of any glia: 

• They form a supportive framework for the nervous tissue. 

• They have extensions ealled perivascular feet, which eontaet 
the blood eapillaries and stimulate them to form a tight seal 

^ependymo = upper garment 
v ostro = star; eyte = eell 


ealled the blood-brain barrier. This barrier isolates the blood 
from the brain tissue and limits what substances are able to get 
to the brain eells, thus proteeting the neurons (see p. 405). 

They eonvert blood glucose to laetate and supply this to the 
neurons for nourishment. 

They monitor neuron aetivity and signal blood vessels to 
dilate or eonstriet, thus ehanging the regional blood flow 
of the brain tissue in aeeordanee with ehanging needs for 
oxygen and nutrients. 

They seerete proteins ealled nerve growth faetors that pro- 
mote neuron growth and synapse formation. 

They communicate eleetrieally with neurons and may influ- 
enee synaptie signaling between neurons. 

They regulate the ehemieal eomposition of the tissue fluid. 
When neurons transmit signals, they release neurotransmitters 
and potassium ions. Astroeytes absorb these substances and 
prevent them from reaehing excessive levels in the tissue fluid. 
When neurons are damaged, astroeytes form hardened sear 
tissue and fill spaee formerly occupied by the neurons. This 
proeess is ealled astroeytosis or selerosis. 


The other two types of glial eells occur only in the peripheral ner- 
vous system: 

5. Schwann 18 eells (pronounced “shwon”), or neurilemmocytes, 
envelop nerve fibers of the PNS, forming a sleeve around them 
ealled the neitrilemma (see fig. 13.4). In most eases, a Schwann 
eell winds repeatedly around a nerve fiber and produces a myelin 
sheath between the neurilemma and nerve fiber. This is similar to 
the myelin sheath produced by ohgodendroeytes in the CNS, but 
there are differenees in the way myelin is produced, as deseribed 
later. In addition to myelinating peripheral nerve fibers, Schwann 
eells assist in the regeneration of damaged fibers. 


18 Theodor Schwann (1810-82), German histologist 
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6. Satellite eells surround the neurosomas in ganglia of the 
PNS. They provide eleetrieal insulation around the soma and 
regulate the ehemieal environment of the neurons. 


Myelin 

The myelin (MY-eh-lin) sheath is an insulating layer around a nerve 
fiber, somewhat like the rnbber insulation on a wire. It is formed by 
oligodendroeytes in the eentral nervous system and Schwann eells 


in the peripheral nervous system. Sinee it eonsists of the plasma 
membranes of these glial eells, its eomposition is like that of plasma 
membranes in general. It is about 20% protein and 80% lipid, the 
latter including phospholipids, glyeolipids, and eholesterol. Myelin 
imparts a glistening white eolor to eertain regions of nervous tissue, 
such as the white matter of the brain and spinal eord. 

Production of the myelin sheath is ealled myelination. In the 
PNS, a Schwann eell spirals repeatedly around a single nerve fiber, 
laying down as many as a hundred eompaet layers of its own mem- 
brane with almost no eytoplasm between the membranes (fig. 13.7a). 


Sehvvann eell 




Axon 






Figure 13.7 Myelination. (a) A Schwann eell of the PNS wrapping 

repeatedly around an axon to form the multilayered myelin sheath. 
The myelin spirals outward as it is laid down. The outermost eoil of 
the Schwann eell constitutes the neurilemma. (b) An oligodendroeyte 
of the CNS wrapping around the axons of multiple neurons. Here, 
the myelin spirals inward toward the axon as it is laid down. (e) A 
myelinated axon (top) and unmyelinated axon (bottom) (TEM). 
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DEEPER INSIGHT 


Glial Cells and Brain Tumors 



A tumor eonsists of a mass of rapidly dividing eells. Mature neu- 
rons, hovvever, have little eapaeity for mitosis and seldom form 
tumors. Some brain tumors arise from the meninges (proteetive 
membranes of the CNS) or arise by metastasis from tumors else- 
vvhere, such as malignant melanoma and eolon eaneer. Most adult 
brain tumors, hovvever, are eomposed of glial eells, vvhieh are 
mitotieally aetive throughout life. Such tumors, ealled gliomas , 19 
grovv rapidly and are highly malignant. Because of the blood-brain 
barrier, brain tumors usually do not yield to ehemotherapy and 
must be treated vvith radiation or surgery. 


These layers constitute the myelin sheath. The Schwann eell spirals 
outward as it wraps the nerve fiber, finally ending with a thiek out- 
ermost eoil ealled the neurilemma 20 (noor-ih-LEM-ah). Here, the 
bulging body of the Schwann eell eontains its nucleus and most of 
its eytoplasm. External to the neurilemma is a basal lamina and then 
a thin sleeve of fibrous eonneetive tissue ealled the endoneurium. 

To visualize this myelination proeess, imagine that you wrap 
an almost-empty tube of toothpaste tightly around a peneil. The 
peneil represents the axon, and the spiral layers of toothpaste tube 
(with the toothpaste squeezed out) represent the myelin. The tooth- 
paste would be foreed to one end of the tube, which would form a 
bulge on the external surface of the wrapping, like the body of the 
Schwann eell. 

In the CNS, eaeh oligodendroeyte reaehes out to myelinate 
several nerve fibers in its immediate vieinity (fig. 13.7b). Sinee 
it is anehored to multiple nerve fibers, it eannot migrate around 
any one of them like a Schwann eell does. It must push newer lay- 
ers of myelin under the older ones, so myelination spirals inward 
toward the nerve fiber. Nerve fibers of the CNS have no neuri- 
lemma or endoneurium. 

In both the PNS and CNS, a nerve fiber is much longer than 
the reaeh of a single glial eell, so it requires many Schwann eells 
or oligodendroeytes to eover one fiber. Consequently, the myelin 
sheath is segmented. The gaps between the segments are ealled 
nodes of Ranvier 21 (RON-vee-AY), and the myelin-eovered seg- 
ments from one gap to the next are ealled internodes. The inter- 
nodes are about 0.2 to 1.0 mm long. 


Unmyelinated Nerve Fibers 

Many nerve fibers in the CNS and PNS are unmyelinated. In the 
PNS, however, even the unmyelinated fibers are enveloped in 
Schwann eells. In this ease, one Schwann eell harbors from 1 to 12 
small nerve fibers in grooves in its surface (fig. 13.8). The Schwann 
eell’s plasma membrane does not spiral repeatedly around the fiber 
as it does in a myelin sheath, but folds onee around eaeh fiber 


19 g//'o = glial eells; omo = tumor 

20 neuri = nerve; lemma = husk, peel, sheath 

21 l. A. Ranvier (1835-1922), Freneh histologist and pathologist 


* 



Figure 13.8 Llnmyelinated Nerve Fibers. Multiple unmyelinated 
fibers are enelosed in ehannels in the surface of a single Schwann eell. 
•What is the functional disadvantage ofan unmyelinated nerve fiber? 
What is its anatomieal advantage? 


and somewhat overlaps itself along the edges. This wrapping is 
the neurilemma. Most nerve fibers travel through their own ehan- 
nels in the Schwann eell, but small fibers are sometimes bundled 
together in a single ehannel. A basal lamina surrounds the entire 
Schwann eell along with its nerve fibers. 

Myelin and Signal Conduction 

The speed at which a signal travels along a nerve fiber depends on 
two faetors: the diameter of the fiber and the presenee or absenee 
of myelin. Signal conduction occurs along the surface of a fiber, 
not deep within its axoplasm. Large fibers have more surface area 
and conduct signals more rapidly than small fibers. Myelin fur- 
ther speeds signal conduction for physiologieal reasons beyond the 
seope of this book. Nerve signals travel about 0.5 to 2.0 m/s in 
small unmyelinated fibers (2-4 pm in diameter); 3 to 15 m/s in 
myelinated fibers of the same size; and as fast as 120 m/s in large 
myelinated fibers (up to 20 pm in diameter). 

One might wonder why all of our nerve fibers are not large, 
myelinated, and fast, but if this was so, our nervous system would 
be impossibly bulky or limited to far fewer fibers. Large nerve 
fibers require large somas and a large expenditure of energy to 
maintain them. The evolution of myelin allowed for the subsequent 
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Diseases of the Myelin Sheath 

Multiple selerosis and Tay-Saehs disease are degenerative disorders 
of the myelin sheath. In multiple selerosis 22 (MS), the oligodendro- 
eytes and myelin sheaths of the CNS deteriorate and are replaeed 
by hardened sear tissue, espeeially between the ages of 20 and 
40. Nerve conduction is disrupted with effeets that depend on what 
part of the CNS is involved—numbness, double vision, blindness, 
speeeh defeets, neurosis, or tremors. Patients experience variable 
eyeles of milder and worse symptoms until they eventually beeome 
bedridden. The cause of MS remains uncertain; most hypotheses 
suggestthat it is an outoimmune diseose— a disorder in which one’s 
immune system turns against one’s own tissues—perhaps triggered 
by a virus in genetieally susceptible individuals. There is no cure. 
There is eonflieting evidenee as to how much it shortens a patient’s 
life expectancy, if at all. Some die within a year of diagnosis, but 
many people live with MS for 25 or 30 years. 

Toy-Soehs 23 diseose is a hereditary disorder seen mainly in 
infants of Eastern European Jewish aneestry. It results from the 
abnormal accumulation of a glyeolipid ealled GM 2 (ganglioside) in 
the myelin sheath. GM 2 is normally deeomposed by a lysosomal 
enzyme, but this enzyme is laeking from those who inherit the 
reeessive Tay-Saehs gene from both parents. As GM 2 accumu- 
lates, it disrupts the conduction of nerve signals, and the vietim 
typieally suffers blindness, loss of eoordination, and dementia. 
Signs begin to appear before the ehild is a year old and most 
vietims die by the age of 3 or 4 years. Asymptomatie adult earriers 
ean be identified by a blood test and advised by genetie counsel- 
ors on the risk of their ehildren having the disease. 


evolution of more complex and responsive nervous systems with 
smaller, more energy-effieient neurons. Slow unmyelinated fibers 
are quite sufficient for proeesses in which quick responses are not 
particularly important, such as seereting stomaeh aeid or dilating 
the pupil. Fast myelinated fibers are employed where speed is more 
important, as in motor eommands to the skeletal muscles and sen- 
sory signals for vision and balanee. 

Schwann Cells and Nerve 
Regeneration 

Nerve fibers in the peripheral nervous system are often damaged 
by cuts and other injuries, but if the eell body remains intaet, an 
axon ean often regenerate. Two things are required for regenera- 
tion of an axon: a neurilemma and an endoneurium. Both of these 
are laeking from the CNS, so damaged CNS nerve fibers eannot 
regenerate at all. However, sinee the CNS is eneased in bone, it 
suffers less trauma than the PNS. In the PNS, Schwann eells of the 
neurilemma seerete nerve growth faetors that stimulate regrowth 
of the axon, and the Schwann eells and endoneurium together form 


22 scler = hard, tough; os/'s = eondition 

23 Warren Tay (1843-1927), English physieian; Bernard Saehs (1858-1944), 
Ameriean neurologist 


a regeneration tube that guides the growing axon to its destina- 
tion, such as a muscle fiber. The axon grows down the middle of 
the tube and, if successful, it reestablishes synaptie eontaet with 
its target eell. The proeess is not perfeet—some injured neurons 
fail to find the target eell, and some simply die. Nerve injuries 
therefore may leave a person with some loss of fine motor eon- 
trol. Even when regeneration is aehieved, the slow rate of axon 
regrowth means that some nerve functions may take as long as 
2 years to be restored. 

Before You Go On 


Ansvver the foliovving questions to testyour understonding ofthe 
preeeding seetion: 

8. From memory, make your own table of the six kinds of glial 
eells and the functions of eaeh. Which type has the most 
varied functions? 

9. Summarize the major ways in which oligodendroeytes and 
Schwann eells differ in the way they produce a myelin 
sheath, and state where the glial eell body of eaeh type is 
loeated relative to the myelin and nerve fiber. 

10. Compare the signal conduction speed in myelinated fibers 

versus unmyelinated ones. Why aren’t oll nerve fibers in 
the body myelinated? 

11. Explain why damaged nerve fibers in the PNS ean regener- 
ate but damaged fibers in the CNS eannot. 




Synapses and 
Neural Circuits 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the synaptie junctions betvveen one neuron 
and another; 

b. deseribe the variety of intereonneetions that exist 
betvveen tvvo neurons; and 

e. deseribe four basie variations in the circuitry or “vviring 
patterns” of the nervous system. 


No neuron functions in isolation from others; neurons work in 
groups of eells that are eonneeted in patterns similar to the eleetri- 
eal circuits of radios and other eleetronie deviees. In this seetion, 
we examine the eonneetions between neurons and the functional 
circuits of neuron groups. 


Synapses 

The meeting point between a neuron and any other eell is ealled a 
synapse. The other eell may be an epithelial, muscular, glandular, 
or other eell type, but in most eases it is another neuron. Synapses 
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make neural integration (information proeessing) possible; eaeh 
is a “deeision-making” deviee that determines whether a seeond 
eell will respond to signals from the first. Without synapses, sig- 
nals would simply be transmitted automatically from reeeptors to 
effeetors, effeetors would respond to every stimulus, and the ner- 
vous system would be ineapable of any deeision making. But in 
reality, one neuron ean have an enormous mimber of synapses and 
thus a great deal of information-proeessing eapability (fig. 13.9). 
For example, a spinal motor neuron reeeives about 8,000 synaptie 
eontaets from other neurons on its dendrites and another 2,000 on 
its soma. In part of the brain ealled the cerebellum, one neuron 
ean have as many as 100,000 synapses. The eerebral cortex (the 
main information-proeessing tissue of the brain) is estimated to 
have 100 trillion (10 14 ) synapses. To get some impression of this 
number, imagine trying to count them. Even if you could count two 
synapses per seeond, night and day without a eoffee break, and you 
were immortal, it would take you 1.6 million years. 

A nerve signal arrives at a synapse by way of the presynaptie 
neuron, then may continue on its way via the postsynaptie 
neuron (fig. 13.10a). When a presynaptie axon ends at the den- 
drite of a postsynaptie neuron, the two eells are said to form an 
axodendritic synapse. When the presynaptie axon terminates 
on the soma of the next eell, they form an axosomatic synapse. 
When it terminates on the axon of the next eell, they form an 
axoaxonic synapse (fig. 13.10b). 

Chemical Synapses and Neiirotransmitters 

A ehemieal synapse is a junction at which the presynaptie neuron 
releases a neurotransmitter to stimulate the postsynaptie eell. The 
neuromuscular junction (NMJ) deseribed in ehapter 10 (p. 248) 
is an example of this. The NMJ and many other synapses employ 
aeetyleholine as a neurotransmitter. Postsynaptie neurons of the 
sympathetie nervous system use norepinephrine. 

Some neurotransmitters are excitatory and tend to generate 
a nerve signal in the postsynaptie eell. Some widely used excit- 
atory neurotransmitters in the eentral nervous system (CNS) are 
glutamate in the brain and aspartate in the spinal eord. Other 
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Figure 13.9 Presynaptie Terminals on the Soma of a Neuron in a 
Marine Slug, Aplysia (SEM). 

•7o vvhieh ofthe three elosses ofsynopses (eompore fig. 13.10) would 
these belong? 


neurotransmitters are inhibitory and suppress responses in the post- 
synaptie eell. The most widely used inhibitory neurotransmitters in 
the CNS are gamma-aminobutyric aeid (GABA) in the brain and 
glyeine in the spinal eord. Some other well-known neurotransmit- 
ters are dopamine, serotonin, histamine, and beta-endorphin. There 
are over 100 known neurotransmitters. 

At a ehemieal synapse, the presynaptie terminal of one neuron is 
separated from the next eell by a 20 to 40 nm gap ealled the synaptie 
eleft (fig. 13.11). The presynaptie terminal eontains membrane- 
bounded seeretory vesieles ealled synaptie vesieles, which eontain 
the neurotransmitter. Many of these vesieles are “doeked” at release 
sites on the inside of the plasma membrane, ready to release their 
neurotransmitter on demand. A reserve pool of synaptie vesieles 
is loeated a little farther away from the membrane, clustered near 
the release sites and tethered to the eytoskeleton by protein miero- 
filaments. These vesieles stand by and “step forward” to doek on the 
membrane and release their neurotransmitter after the previously 
doeked vesieles have expended their eontents. Synaptie vesieles are 
found in a few eells other than neurons, such as the sensory eells 
of taste, hearing, and equilibrium. They release neurotransmitter to 
stimulate a nearby nerve eell. 

A postsynaptie neuron does not show such conspicuous spe- 
eializations. At this end, a neuron has no synaptie vesieles and 
eannot release neurotransmitters. Its membrane does, however, 
eontain proteins that function as neurotransmitter reeeptors, and 
it may be folded to inerease its reeeptor-laden surface area and, 
therefore, its sensitivity to the neurotransmitter. A signal always 
travels in only one direetion aeross a ehemieal synapse, from the 
presynaptie eell with synaptie vesieles to the postsynaptie eell with 
neurotransmitter reeeptors. This one-way transmission ensures the 
preeise routing of nerve signals in the body. 
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Figure 13.10 Synaptie Relationships Between Neurons. (a) Pre- and 
postsynaptie neurons. (b) Types of synapses defined by the site of eontaet 
on the postsynaptie neuron. 
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Figure 13.11 Structure of a Chemical Synapse. 


Synaptie transmission begins when a nerve signal arrives at 
the end of the presynaptie neuron. Synaptie vesieles release neu- 
rotransmitter into the synaptie eleft, where it diffuses aeross to the 
postsynaptie eell and binds to reeeptors on that eell’s membrane. 
Depending on the neurotransmitter and the type of reeeptor, this 
may either stimulate or inhibit the postsynaptie eell. The postsyn- 
aptie eell “deeides” whether or not to initiate a new nerve signal 
based on the eomposite effeets of excitatory and inhibitory input 
through the many synapses on its dendrites and soma. Therefore, a 
large number of presynaptie neurons may “get to vote” on whether 
the postsynaptie eell fires. 


Apply What You Know 

Of all the methods of membrane transport deseribed in ehapter 2, 
which one is the meehanism of neurotransmitter release? 


Eleetrieal Synapses 

Another type of synapse, ealled an eleetrieal synapse, eonneets 
some neurons, neuroglia, and eardiae and single-unit smooth 


muscle eells. Here, adjaeent eells are joined by gap junctions that 
allow ions to diffuse direetly from one eell into the next. These 
junctions have the advantage of quick transmission because there 
is no delay for the release and binding of neurotransmitter. Two 
disadvantages, however, are that they eannot integrate information 
and make deeisions, and that signals ean travel in either direetion 
over an eleetrieal synapse, so there is no way of direeting signals 
to a speeifie destination. 

Neural Pools and Circuits 

Neurons function in ensembles ealled neural pools. One neu- 
ral pool may eonsist of thousands to millions of interneurons 
eoneerned with a particular body function—one to eontrol the 
rhythm of your breathing, one to move your limbs rhythmieally 
as you walk, one to regulate your sense of hunger, and another 
to interpret smells, for example. The functioning of a neural pool 
hinges on the anatomieal organization of its neurons, much like 
the functioning of a radio depends on the particular way its tran- 
sistors, diodes, and eapaeitors are laid out. The intereonneetions 
between neurons are ealled neural circuits. A wide variety of 
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Figure 13.12 Four Types of 

Neural Circuits. Arrows indieate the 
direetion of signal transmission. 


Diverging 





Output 
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lnput 
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lnput Output 
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neural functions result from the operation of four prineipal kinds 
of circuits (fig. 13.12): 


1 . In a diverging circuit, one nerve fiber branehes and synapses 
with several postsynaptie eells. Eaeh of those may synapse 
with several more, so input from just one neuron may produce 
output through dozens more. Such a circuit allows one motor 
neuron of the brain, for example, to ultimately stimulate 
thousands of muscle fibers. 


2. A eonverging circuit is the opposite of a diverging circuit— 
input from many different sources is funneled to one neuron 
or neural pool. Through neural eonvergenee, a respiratory 
eenter in the brainstem reeeives input from other parts of the 
brain, from reeeptors for blood ehemistry in the arteries, and 
from streteh reeeptors in the lungs. The respiratory eenter 
ean then produce an output that takes all of these faetors into 
account and sets an appropriate pattern of breathing. 


3. In a reverberating circuit, neurons stimulate eaeh other in 


a linear sequence such as A 


B 


C 


D, but neuron C 


sends an axon eollateral baek to A. As a result, every time C 
fires, it not only stimulates output from neuron D, but also 
restimulates A and starts the proeess over. Such a circuit 
produces a repetitive output that lasts until one or more 
neurons in the circuit fail to fire or an inhibitory signal from 
another source stops one of them from firing. A reverberating 
circuit sends repetitious signals to the diaphragm and 
intereostal muscles, for example, to make you inhale. When 
the circuit stops firing, you exhale; the next time it fires, you 
inhale again. Reverberating circuits may also be involved 
in short-term memory (for example, in the way a telephone 
number “eehoes” in your memory from the time you look it 


up in the phone book until the time you dial it). They may 
also play a role in the uncontrolled “storms” of neural aetivity 
that occur in epilepsy. 

4. In a parallel after-diseharge circuit, an input neuron diverges 
to stimulate several ehains of neurons. Eaeh ehain has a 
different number of synapses, but eventually they all reeonverge 
on the same output neuron. Eaeh synapse delays a nerve signal 
by about 0.5 ms, so the more synapses there are in a pathway, 
the longer it takes a nerve signal to get through that pathway to 
the output neuron. The output neuron, reeeiving signals from 
multiple pathways, may go on firing for some time after the 
input has eeased. Unlike a reverberating circuit, this type has 
no feedbaek loop. Onee all the neurons in the circuit have fired, 
the output eeases. Continued firing after the stimulus stops is 
ealled after-diseharge. It explains why you ean stare at a lamp, 
then elose your eyes or turn the lamp off and continue to see 
an image of it for a while. Such a circuit is also important to 
eertain reflexes—for example, when a brief pain produces a 
longer-lasting output to the limb muscles and causes you to 
draw baek your hand or foot from danger. (See the discussion 
of reflex ares in ehapter 14, p. 392.) 


Before Yoii Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

12. At a given synapse, what features are present on the presyn- 

aptie neuron that are absent from the postsynaptie neuron? 

13. In synaptie transmission, where does the neurotransmitter 

eome from? How does it affeet the postsynaptie neuron? 
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14. Name any four neurotransmitters and state some func- 

tional differenees betvveen them. 

15. What is an eleetrieal synapse? Where ean eleetrieal syn- 

apses be found? Identify an advantage and a disadvantage 
of an eleetrieal synapse eompared to a ehemieal synapse. 

16. What is the differenee betvveen a neural pool and a neural 

circuit? 

17. Name the four types of neural circuits and briefly deseribe 
the functional differenees betvveen them, or an advantage 
of eaeh type for eertain purposes. 



Developmental and 
eiìnìeal Perspeetìves 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe how the nervous system develops in an 
embryo; and 

b. deseribe a few birth defeets that result from 
abnormalities of this developmental proeess. 


Development of the Nervous System 

Some aspeets of nervous system development, or neurulation, 
were briefly discussed in ehapter 4 (p. 91). Further understanding 
of this proeess will form a basis for understanding the brain and 
spinal eord anatomy presented in ehapters 14 and 15. 

The first embryonie traee of the eentral nervous system appears 
early in the third week of development. A dorsal streak ealled the 
neuroectoderm appears along the length of the embryo and thiekens 
to form a neural plate ( ig. 13.13). This is destined to give rise to 
most neurons and to all glial eells except mieroglia, which eome from 
mesoderm. As development progresses, the neural plate sinks and 
the edges of it thieken, thus forming a neural groove with a raised 
neural fold along eaeh side. The neural folds then fuse along the mid- 
line, somewhat like a elosing zipper, beginning in the eervieal (neek) 
region of the neural groove and progressing rostrally (toward the head) 
and caudally (toward the tail). By 4 weeks, this proeess ereates a hol- 
low ehannel ealled the neural tube. For a time, the neural tube is open 
to the amniotie fluid at the rostral and caudal ends. These openings 
elose at 25 and 27 days, respeetively. The lumen of the neural tube 
beeomes a fluid-filled spaee that later constitutes the eentral eanal of 
the spinal eord and ventrieles of the brain. 

Following closure, the neural tube separates from the overly- 
ing eetoderm, sinks a little deeper, and grows lateral proeesses that 
later give rise to motor nerve fibers. Some eetodermal eells that 
originally lay along the margin of the neural groove separate from 
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Figure 13.13 Formation of the Neural Tube. The left-hand figure in eaeh ease is a dorsal view of the embryo, and the right-hand figure is a 
three-dimensional representation ofthetissues atthe indieated level ofthe respeetive embryo. The ages are days after fertilization. 
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Figure 13.14 Primary and Seeondary Vesieles of the Embryonie Brain. (a) The three primary vesieles at 4 weeks. (b) The seeondary vesieles at 
5 weeks. (e) The fully developed brain, eolor-eoded to relate its structures to the seeondary embryonie vesieles. 


the rest and form a longitudinal column on eaeh side ealled the 
neural erest. Neural erest eells give rise to most of the peripheral 
nervous system, including the sensory and autonomic nerves and 
ganglia; Sehvvann eells; the adrenal medulla (a gland deseribed on 
p. 507); the two inner membranes (meninges) around the brain and 
spinal eord; melanoeytes of the skin; the dermis; and some bones 
of the head and neek, as well as a few other structures. 

By the fourth week, the neural tube exhibits three anterior bulges, 

O/l 

or primary vesieles, ealled the forebrain (proseneephalon ) (PROSS- 
en-SEF-uh-lon), midbrain (meseneephalon 25 ) (MEZ-en-SEF-uh-lon), 
and hindbrain ( rhombeneephalon 26 ) (ROM-ben-SEF-uh-lon) 


24 pros = before, in front; eneephol = brain 
25 /r?es = middle 
26 rhomb = rhombus 


(fig. 13.14). While these vesieles develop, the neural tube bends at the 
junction of the hindbrain and spinal eord to form the eervieal flexure, 
and in the midbrain region to form the eephalie flexure. 

By the fifth week, the neural tube undergoes further flexion 
and subdivides into five seeondary vesieles. The forebrain divides 
into two of them, the teleneephalon 27 (TEL-en-SEF-uh-lon) 
and dieneephalon 28 (DY-en-SEF-uh-lon); the midbrain remains 
undivided and retains the name meseneephalon; and the hind- 
brain divides into two vesieles, the meteneephalon 29 (MET-en- 
SEF-uh-lon) and myeleneephalon 30 (MY-el-en-SEF-uh-lon). The 


27 tele = end, remote 
28 di = through, between 
29 met = behind, beyond, distal to 
30 myel = spinal eord 
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teleneephalon has a pair of lateral outgrowths that later beeome 
the eerebral hemispheres, and the dieneephalon exhibits a pair of 
small cuplike optie vesieles that beeome the retinas of the eyes. 
Figure 13.14c shows structures of the fully developed brain that 
arise from eaeh of the seeondary vesieles. 

In week 14, Schwann eells and oligodendroeytes begin spi- 
raling around the nerve fibers, laying down layers of myelin and 
giving the fibers a white appearanee. Yet very little myelin is pres- 
ent in the brain even at birth, and there is little visible distinetion 
between the gray matter and white matter of the newborn brain. 
Myelination proeeeds rapidly in infaney, and it is this, far more 
than the multiplication or enlargement of neurons, that accounts 
for most postnatal brain growth. Myelination is not eompleted 
until late adoleseenee. Sinee myelin has such a high lipid eon- 
tent, dietary fat is important to early nervous system development. 
Well-meaning parents ean do their ehildren signifieant harm by 
giving them the sort of low-fat diets (skimmed milk, ete.) that may 
be benefieial to an adult. 

In the third month, the spinal eord extends for the full length of 
the embryo. As the vertebrae develop (see p. 177), spinal nerves 
arise from the eord and pass straight laterally to emerge between 
the vertebrae, through the intervertebral foramina. Subsequently, 
however, the vertebral column grows faster than the spinal eord. 
By birth, the eord ends in the vertebral eanal of the third lum- 
bar vertebra (L3), and by adulthood, it ends at the level of L1 
to L2. As the vertebral column elongates, the spinal nerve roots 
elongate, so they still emerge between the same vertebrae, but 
the lower vertebral eanal is occupied by a bundle of nerve roots 
instead of spinal eord. The resulting adult anatomy is deseribed in 
ehapter 14. 


Developmental Disorders 

The eentral nervous system is subject to multiple aberrations in 
embryonie development. Approximately 1 out of 100 live-born 
infants exhibit major defeets in brain development. Common 
among these are neural tube defeets (NTDs) such as spina bifida 
(SPY-nuh BIF-ih-duh). Spina bifida occurs when one or more ver- 
tebrae fail to form a eomplete neural areh for enclosure of the spi- 
nal eord. It is espeeially eommon in the lumbosacral region. The 
mildest form, spina bifida occulta, 3ì involves only one to a few 
vertebrae and causes no functional problems. Its only external sign 
is a dimple or pateh of hairy pigmented skin on the lower baek. 
Spina bifida eystiea 32 is more serious (fig. 13.15). A sae protmdes 
from the spine and may eontain parts of the spinal eord and nerve 
roots, meninges, and eerebrospinal fluid. In extreme eases, inferior 
spinal eord function is absent, causing paralysis of the lower limbs 
and urinary bladder and laek of bowel eontrol. Bladder paralysis 
ean lead to ehronie urinary infeetions and renal failure. Women ean 
signifieantly reduce the risk of bearing a ehild with spina bifida by 
taking supplemental folie aeid (a B vitamin). However, this works 
only if taken habitually even before the egg is fertilized; folie aeid 
supplements are ineffeetive if begun after a woman realizes she 
is pregnant because by then, any neural tube damage will have 
already occurred. This is the reason that the U.S. Food and Dmg 
Administration deeided in 1996 to add folie aeid to flour and other 
grain products, a poliey that has resulted in a dramatie deerease in 
the ineidenee of neural tube defeets. 


3 'bifid = divided, forked; occult = hidden 
32 cysf = sae, bladder 



Figure 13.15 An Infant with Spina Bifida Cystica. The sae in the lumbar region is ealled a myelomeningoeele. 
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Other severe neural tube defeets include mieroeephaly and 
aneneephaly. In mieroeephaly, 33 the faee is of normal size but the 
brain and ealvaria are abnormally small. Mieroeephaly is aeeompa- 
nied by profound mental retardation. Aneneephaly 34 results from 
failure of the rostral end of the neural tube to elose. This leaves the 
brain exposed to the amniotie fluid. The brain tissue degenerates, 
most of the brain is absent at birth, and the head is relatively flat or 
tmneated above the eyes. Such infants generally die within a few 
hours. Neural tube defeets sometimes mn in families but ean also 
be caused by teratogens and nutritional defieieneies. 

Other disorders of the nervous system are deseribed in 
ehapters 14 through 17. 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

18. How does the neiiral erest originate? What eells or tissiies 

arise from it? 

19. Where does closure of the neural tube begin? What are the 

last regions to elose? 

20. What single adult structure arises from all five of the see- 

ondary vesieles of the neural tube? 

21. When does myelination begin? When does it end? 


33 micro = small; eephol = head 
34 on = without; eneephal = brain 



Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

13.1 Overview of the Nervous System (p. 352) 

1. The body’s two prineipal meehanisms of 
internal communication and eoordination, 
and how they differ from eaeh other 

2. The constituents of the eentral nervous 
system (CNS) and peripheral nervous sys- 
tem (PNS) 

3. The two divisions of the PNS and the two 
subdivisions of eaeh of those, including 
the types of organs innervated by eaeh 
subdivision 

4. The autonomic nervous system, its effee- 
tors, and its two subdivisions 

13.2 Nerve Cells (Neurons) (p. 353) 

1. The three properties that any neuron must 
have to perform its function 

2. The three functional elasses of neurons: 
sensory neurons, interneurons, and motor 
neurons; how eaeh is defined; and syn- 
onyms for sensory and motor neurons 

3. The parts of a typieal neuron 

4. The four types of neurons distinguished by 
the mirnber of proeesses that arise from the 
neurosoma 

13.3 Supportive Cells (Neuroglia) (p. 357) 

1. The meaning of nenroglia (glial eells) and 
the general purpose of the neuroglia 

2. The four kinds of neuroglia found in the 
CNS, and their respeetive functions 

3. The two kinds of neuroglia found in the 
PNS, and their respeetive functions 


4. The structure, eomposition, and function 
of the myelin sheath; how the CNS and 
PNS differ with respeet to the glial eells 
that produce their myelin; and how the two 
glial types do so 

5. The relationship of Schwann eells to the 
myelin, neurilemma, basal lamina, and 
endoneurium 

6. Why the myelin sheath eonsists of short 
internodes intermpted by nodes of Ranvier, 
rather than one continuous sheath 

7. The roles of Schwann eells in relation to 
unmyelinated nerve fibers 

8. How the veloeity of a nerve signal varies 
with a nerve fiber’s diameter and presenee 
or absenee of myelin 

9. The neeessity of the neurilemma and 
endoneurium for the regeneration of dam- 
aged nerve fibers; the role that they play 
in regeneration; and why damaged nerve 
fibers in the CNS eannot regenerate 

13.4 Synapses and Neural Circuits (p. 361) 

1. The definition of synapse and the hmetion 
ofsynapses 

2. How the presynaptie and postsynaptie neu- 
rons are defined at a given synapse 

3. Three types of synapses defined by where 
the presynaptie nerve fiber ends on the 
postsynaptie neuron 

4. The defining qualities of a ehemieal synapse 

5. The names of several familiar neuro- 
transmitters 

6. The two types of effeets that a neurotrans- 
mitter ean have on a postsynaptie neuron 

7. The meehanism of signal transmission 
aeross a synapse by a neurotransmitter 


8. How the plasma membrane of the postsyn- 
aptie neuron differs from that of the pre- 
synaptie neuron at a synapse 

9. Where eleetrieal synapses ean be found, 
and how they differ structurally and func- 
tionally from ehemieal synapses 

10. The meaning of neural pool and some 
functions performed by neural pools 

11. The four prineipal types of neural circuits— 
diverging, eonverging, reverberating, and 
parallel after-diseharge circuits—and how 
they differ in hmetion; some everyday see- 
narios that involve the aetivity of these dif- 
ferent types of neural circuits 

13.5 Developmental and Oinieal Perspeetives 
(p. 365) 

1. The embryonie progression from a neural 
plate to a neural tube 

2. The origin, loeation, and fate of the neural 
erest 

3. Expansion of the neural tube into three 
primary vesieles, and their names; their 
further differentiation into five seeondary 
vesieles, and their names; and the fate of 
eaeh of the five seeondary vesieles 

4. The timetable of prenatal and postnatal 
myelination 

5. The developmental explanation for why 
the adult spinal eord reaehes only as far 
as the first or seeond lumbar vertebra 

6. The meaning of neural tube defeets; their 
causes; the defining attributes of spina 
bifida occulta, spina bifida eystiea, miero- 
eephaly, and aneneephaly; and what ean be 
done to minimize the risk of neural tube 
defeets 
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Testing Your Reeall 


1. The integrative functions of the nervous 
system are performed mainly by 

a. afferent neurons. 

b. efferent neurons. 
e. neuroglia. 

d. sensory neurons. 

e. interneurons. 

2. Neurons arise from embryonie 

a. endoderm. 

b. epidermis. 
e. mesoderm. 

d. mesenehyme. 

e. eetoderm. 

3. The soma of a mature neuron laeks 

a. a nucleus. 

b. endoplasmie reticulum. 
e. lipofuscin. 

d. eentrioles. 

e. ribosomes. 

4. The glial eells that destroy mieroorganisms 
in the CNS are 

a. mieroglia. 

b. satellite eells. 

e. ependymal eells. 

d. oligodendroeytes. 

e. astroeytes. 

5. A friend takes a flash photograph of you, 
and you continue to see an image of the 
flash unit for several seeonds afterward. 

This phenomenon is the result of a_ 

circuit. 

a. diverging 

b. eonverging 
e. presynaptie 

d. reverberating 

e. parallel after-diseharge 


6. Neurotransmitters are found in 

a. the eell bodies of neurons. 

b. the dendrites. 

e. the axon hilloek. 

d. the presynaptie terminal. 

e. the postsynaptie plasma membrane. 

7. Another name for the axon of a neuron is 

a. nerve fiber. 

b. neurofibril. 
e. neurilemma. 

d. axoplasm. 

e. endoneurium. 

8. Nerves that direetly eontrol the motility of 
the stomaeh or rate of the heartbeat would 
belong to 

a. the eentral nervous system. 

b. the somatie sensory division. 
e. the somatie motor division. 

d. the viseeral motor division. 

e. the viseeral sensory division. 

9. The glial eells that guide migrating neu- 
rons in the developing fetal brain are 

a. astroeytes. 

b. oligodendroeytes. 
e. satellite eells. 

d. ependymal eells. 

e. mieroglia. 

10. Which of the following appears earlier 
than all the rest in prenatal development of 
the nervous system? 

a. the neural groove 

b. a pair of primary vesieles 
e. the neural plate 

d. the neural erest 

e. the neural tube 


11. Neurons that eonvey information to the 

CNS are ealled sensory, or_, neurons. 

12. Motor effeets that depend on repetitive 

output from a neural pool are most likely 
to use the_type of neural circuit. 

13. Prenatal degeneration of the forebrain 

results in a birth defeet ealled_. 

14. Neurons reeeive ineoming signals by way 

of speeialized proeesses ealled_. 

15. In the eentral nervous system, eells ealled 

_perform one of the same functions 

that Schwann eells do in the peripheral 
nervous system. 

16. A/An _ synapse is formed when a 

presynaptie neuron synapses with the eell 
body of a postsynaptie neuron. 

17. All of the nervous system except the brain 

and spinal eord is ealled the_. 

18. The _ and _ are neeessary for 

regeneration of damaged nerve fibers in 
the peripheral nervous system. 

19. In the peripheral nervous system, the 
somas of the neurons are eoneentrated in 

enlarged, knotlike structures ealled_ 

eonneeted to the nerves. 

20. At a given synapse, the_neuron has 

neurotransmitter reeeptors. 

Answers in appendix A 


Building Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 

4. lipo- 

9. fer- 


following word elements, and give a term in 

5. dendro- 

10. selero- 


which it is used. 

6. -ite 



1. -ie 

2. somato- 

3. neuro- 

7. pseudo- 

8. oligo- 


Answers in appendix A 
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True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. Adult neiirons are ineapable of mitosis. 

2. Most neurons have more dendrites than 
axons. 

3. Dendrites never eontain synaptie vesieles. 


4. Interneiirons eonneet sense organs to the 

CNS. 

5. Nerve signals travel faster in myelinated 
nerve fibers than in unmyelinated ones. 

6. The myelin sheath eovers the neurilemma 
of a nerve fiber. 

7. Nodes of Ranvier are present only in 
myelinated fibers of the PNS. 


8. Interneurons occur in the brain and spinal 
eord of the CNS and in ganglia of the PNS. 

9. Unipolar neurons eannot produce aetion 
potentials because they have no axon. 

10. There are more glial eells than neurons in 
the nervous system. 

Answers in appendix A 


Testing Your Comprehension 

1. Suppose some hypothetieal disease pre- 
vented the formation of astroeytes in the 
fetal brain. How would you expect this to 
affeet brain development? 

2. How would nervous system function be 
affeeted if both the presynaptie and post- 
synaptie neurons at every synapse had 
both synaptie vesieles and neurotransmit- 
ter reeeptors? 


3. What unusual eharaeteristie of neurons ean 
be attributed to their laek of eentrioles? 

4. When you cut your finger, the pain sig- 
nals are conducted to the CNS by unipolar 
sensory neurons whose somas are near the 
spinal eord, amid the vertebrae. Suggest 
a good reason for the somas to be there, 
instead of in the skin eloser to the origin 
of the pain. 


5. State what division or subdivision of the 
peripheral nervous system would eontrol 
eaeh of the following: eonstrietion of the 
pupils in bright light; the movements of 
your hand as you write; the sensation of a 
stomaehaehe; blinking as a partiele of dust 
is blown toward your eye; your awareness 
of the position of your hand as you touch 
your nose with your eyes elosed. Briefly 
explain eaeh answer. 
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T he spinal eord is the “information highway” that eonneets 

the brain with the lower body. Below the neek, nearly all 
intentional muscle movements rely on signals that travel 
down the spinal eord to neurons that innervate the muscles, 
and the sensory information that enters our conscious aware- 
ness travels up the eord to the brain. Injuries to the spinal eord 
ean thus leave one partially or eompletely paralyzed, unaware of 
stirrmlation of the lower body, or both—with devastating effeets 
on one’s quality of life. The treatment of spinal eord injuries is one 
of the most lively areas of medieal researeh today. Therapists 
who treat spinal patients must know spinal eord anatomy and 
function to understand their patients’ defieits and prospeets 
for improvement, and to earry out an appropriate regimen of 
treatment. 

In this ehapter, we will study not only the spinal eord but also 
the spinal nerves that arise from it with ladderlike regularity at 
intervals along its length. Thus, we will examine eomponents of 
both the eentral and peripheral nervous systems, but these are 
so elosely related structurally and functionally that it is appropri- 
ate to eonsider them together. Similarly, the brain and eranial 
nerves will be eonsidered together in the following ehapter. 
These two ehapters therefore elevate our study of the nervous 
system from the cellular level (ehapter 13) to the organ and 
system levels. 



The Spinal Cord 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. enumerate the functions of the spinal eord; 

b. deseribe the surface and eross-seetional anatomy of 
the eord; 

e. explain the differenee between the gray and white 
matter of the eord; and 

d. identify the major pathways (traets) that conduct signals 
up and down the spinal eord, and identify the types of 
signals they earry. 


Functions 

The spinal eord serves four prineipal functions: 

1. Conduction. The spinal eord eontains bundles of nerve 
fibers that conduct information up and down the body, 
eonneeting different levels of the trunk with eaeh other 
and with the brain. It enables sensory information to reaeh 
the brain, motor eommands to reaeh the muscles and other 
effeetors, and input reeeived at one level of the eord to affeet 
output from another level. 

2. Neural integration. Pools of spinal neurons reeeive 
input from multiple sources, integrate the information, 


and execute an appropriate output. For example, the 
spinal eord integrates streteh signals from a full bladder 
with eerebral input eoneerning the appropriate time and 
plaee to urinate, and executes eontrol of the bladder 
aeeordingly. 

3. Loeomotion. Walking involves repetitive, eoordinated 
eontraetions of several muscle groups in the limbs. Motor 
neurons in the brain initiate walking and determine its 
speed, distanee, and direetion, but the simple repetitive 
muscle eontraetions that put one foot in front of another, 
over and over, are eoordinated by groups of neurons ealled 
eentral pattern generators in the eord. These neural 
circuits produce the sequence of outputs to the extensor 
and flexor muscles that cause alternating movements of the 
lower limbs. 

4. Reflexes. Reflexes are involuntary stereotyped responses to 
stimuli. They involve the brain, spinal eord, and peripheral 
nerves. 


Surface Anatomy 

The spinal eord (fig. 14.1) is a eylinder of nervous tissue that 
arises from the brainstem at the foramen magnum of the skull. 
It passes down the vertebral eanal as far as the inferior margin 
of the first lumbar vertebra (Ll) or slightly beyond. In adults, it 
averages about 45 em long and 1.8 em thiek—about as thiek as 
one’s little finger. It occupies only the upper two-thirds of the 
vertebral eanal; the lower one-third is deseribed shortly. The 
eord exhibits longitudinal grooves on its anterior and posterior 
sides—the anterior median fissure and posterior median sulcus, 
respeetively. 

The eord gives rise to 31 pairs of spinal nerves. Although the 
spinal eord is not visibly segmented, the part supplied by eaeh pair 
of spinal nerves is ealled a segment. 

The spinal eord is divided into eervieal, thoraeie, lumbar, and 
saeral regions. It may seem odd that it has a saeral region when 
the eord itself ends well above the saemrn. These regions, how- 
ever, are named for the level of the vertebral column from which 
the spinal nerves emerge, not for the vertebrae that eontain the 
eord itself. 

The eord widens at two points along its course: a eervieal 
enlargement in the inferior eervieal region, where it gives rise to 
nerves of the upper limbs; and a similar lumbar enlargement in 
the lumbosacral region, where it gives rise to nerves of the pelvie 
region and lower limbs. Inferior to the himbar enlargement, the eord 
tapers to a point ealled the medullary eone (conus medullaris). 
The lumbar enlargement and medullary eone give off a bundle of 
nerve roots that occupy the vertebral eanal from L2 to S5. This 
bundle, named the cauda e^mna 1 (CAW-duh ee-KWY-nah) for 
its resemblanee to a horse’s tail, innervates the pelvie organs and 
lower limbs. 


: cauda = tail; equin = horse 
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Figure 14.1 The Spinal Cord (Posterior View). (a) Overview of 
spinal eord structure. (b) Detail of the spinal eord and assoeiated 
nerves, meninges, and vertebrae. APIR 


Apply What You Know 

Spinal eord injuries eommonly result from fractures of vertebrae 
C5 to C6 (a “broken neek”), but never from fractures of L3 to L5. 
Explain both observations. 


Spinal Meninges—Proteetive Membranes 

The spinal eord and brain are enelosed in three membranes ealled 
meninges (meh-NIN-jeez)—singular, meninx 2 (MEN-inks). 
These membranes separate the soft tissue of the eentral nervous 


system from the bones of the vertebrae and skull. From super- 
fieial to deep, they are the dura mater, araehnoid mater, and pia 
mater (fig. 14.2). 

The dura mater 3 (DOO-mh MAH-tur) forms a loose-fitting 
sleeve ealled the dural sheath around the spinal eord. It is a 
tough collagenous membrane about as thiek as a rnbber kitehen 
glove. The spaee between the sheath and vertebral bones, ealled 
the epidural spaee, is occupied by blood vessels, adipose tissue, 
and loose eonneetive tissue (fig. 14.2a). Anestheties are sometimes 
introduced to this spaee to bloek pain signals during ehildbirth or 
surgery; this procedure is ealled epidural anesthesia. 



2 menin = membrane 


3 dura = tough; mater = mother, womb 
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(e) Lumbar spinal eord 


Figure 14.2 Cross-Sectional Anatomy of the Spinal Cord. (a) Relationship to the vertebra, meninges, and spinal nerve. (b) Detail of the spinal 
eord, meninges, and spinal nerves. (e) Cross seetion of the lumbar spinal eord with spinal nerves. 


The araehnoid 4 (ah-RACK-noyd) mater eonsists of a simple 
squamous epithelium, the araehnoid membrane , adhering to the 
inside of the dura, and a loose mesh of collagenous and elastie fibers 
spanning the gap between the araehnoid membrane and the pia mater. 
This gap, ealled the subarachnoid spaee, is filled with eerebrospinal 


4 orochn = spider, spider web; oid = resembling 


fluid (CSF), a elear liquid discussed on p. 404. Inferior to the medul- 
lary eone, the subarachnoid spaee is ealled the lmnbar eistern and 
is occupied by the cauda equina and CSF (see Deeper Insight 14.1). 

The pia 5 (PEE-uh) mater is a delieate, translucent membrane 
that elosely follows the contours of the spinal eord. It continues 


5 p/'a = through mistranslation, now eonstmed as tender, soft 
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Spinal Taps 

Several neiirologieal diseases are diagnosed in part by examining 
eerebrospinal fluid for baeteria, blood, white blood eells, or abnor- 
malities of ehemieal eomposition. CSF is obtained by a procedure 
ealled a spinaltap, or lumbarpuncture. The patient leans forward or 
lies on one side with the spine flexed, thus spreading the vertebral 
laminae and spinous proeesses apart. The skin over the lumbar 
vertebrae is anesthetized, and a needle is inserted between the 
spinous proeesses of L3 and L4 (sometimes L4 and L5). This is 
the safest plaee to obtain CSF because the spinal eord does not 
extend this far and is not exposed to injury by the needle. At a 
depth of 4 to 6 em, the needle punctures the dura mater and enters 
the lumbar eistern. CSF normally drips out at a rate of about 1 drop 
per seeond. A lumbar puncture is not performed if a patient has 
signs of high intraeranial pressure, because the sudden release 
of pressure (causing CSF to jet from the puncture) ean cause fatal 
herniation ofthe brainstem and cerebellum into the vertebral eanal. 


beyond the mediillary eone as a fibrous strand, the terminal filum, 
forming part of the eoeeygeal ligament that anehors the eord to 
the coccyx. At regular intervals along the eord, extensions of the 
pia ealled denticulate ligaments extend through the araehnoid to 
the dura, anehoring the eord and limiting side-to-side movements. 

Cross-Sectional Anatomy 

Figure 14.2 shows the relationship of the spinal eord to a vertebra 
and the spinal nerves. The spinal eord, like the brain, eonsists of 
two kinds of nervous tissue ealled gray and white matter. Gray 
matter has a relatively dull eolor because it eontains little myelin. 
It eontains the somas, dendrites, and proximal parts of the axons 
of neurons. It is the site of synaptie eontaet between neurons 
and therefore the site of all synaptie integration (information 
proeessing) in the eentral nervous system. White matter eontains 
an abundance of myelinated axons, which give it a bright, pearly 
white appearanee. It is eomposed of bundles of axons, ealled traets, 
that earry signals from one part of the CNS to another. In silver- 
stained nervous tissue seetions, gray matter tends to have a brown 
or golden eolor and white matter a lighter tan to yellow eolor. 

Gray Matter 

The spinal eord has a eentral eore of gray matter that looks some- 
what butterfly- or H-shaped in eross seetions. The eore eonsists 
mainly of two posterior (dorsal) horns, which extend to the 
posterolateral surfaces of the eord, and two wider anterior 
(ventral) horns, which extend toward the anterolateral surfaces. 
The right and left sides are eonneeted by a gray commissure. 
In the middle of the commissure is the eentral eanal, which is 
eollapsed in most areas of the adult spinal eord, but in some plaees 
(and in young ehildren) remains open, lined with ependymal eells, 
and filled with CSF. The eanal is a remnant of the lumen of the 
embryonie neural tube (see p. 365). 


Near its attaehment to the spinal eord, a spinal nerve branehes 
into a posterior root and anterior root. The posterior root earries 
sensory nerve fibers, which enter the posterior horn of the eord and 
sometimes synapse with an interneuron there. Such interneurons 
are espeeially numerous in the eervieal and lumbar enlargements 
and are quite evident in histologieal seetions at these levels. The 
anterior horns eontain the large somas of the somatie motor neu- 
rons. Axons from these neurons exit by way of the anterior root of 
the spinal nerve and lead to the skeletal muscles. The spinal nerve 
roots are deseribed more fully later in this ehapter. 

In the thoraeie and lumbar regions, an additional lateral horn 
is visible on eaeh side of the gray matter. It eontains neurons of the 
sympathetie nervous system, which send their axons out of the eord 
by way of the anterior root along with the somatie efferent fibers. 


White Matter 

The white matter of the spinal eord surrounds the gray matter. It 
eonsists of bundles of axons that course up and down the eord and 
provide avenues of communication between different levels of the 
CNS. These bundles are arranged in three pairs ealled columns, or 
funiculi 6 (few-NIC-you-lie)—a posterior (dorsal), lateral, and 
anterior (ventral) column on eaeh side. Eaeh column eonsists of 
subdivisions ealled traets, or fasciculi 7 (fah-SIC-you-lye). 


Spinal Traets 

Knowledge of the loeations and fiinetions of the spinal traets is essen- 
tial in diagnosing and managing spinal eord injuries. Aseending 
traets earry sensory information up the eord and deseending traets 
conduct motor impulses down. All nerve fibers in a given traet have 
a similar origin, destination, and function. Many of these fibers have 
their origin or destination in a region ealled the brainstem. Deseribed 
more fully in ehapter 15 (see fig. 15.6, p. 407), this is a vertieal stalk 
that supports the large cerebellum at the rear of the head and, even 
larger, two globes ealled the eerebral hemispheres that dominate the 
brain. In the following discussion, you will find referenees to brain- 
stem and other regions where the spinal eord traets begin and end. 
Spinal eord anatomy will grow in meaning when you study the brain. 

Several of these traets undergo decussation 8 (DEE-cuh-SAY- 
shun) as they pass up or down the brainstem and spinal eord— 
meaning that they eross over from the left side of the body to the 
right, or viee versa. As a result, the left side of the brain reeeives 
sensory information mainly from the right side of the body and 
sends its motor eommands to that side, whereas the right side of 
the brain senses and eontrols mainly the left side of the body. A 
stroke that damages motor eenters of the right side of the brain ean 
therefore cause paralysis of the left limbs, and viee versa. When 
the origin and destination of a traet are on opposite sides of the 
body, we say they are eontralateral 9 to eaeh other. When a traet 
does not decussate, so the origin and destination of its fibers are on 
the same side of the body, we say they are ipsilateral. 10 


6 funicul = little rope, eord 

7 foscicul = little bundle 

8 decuss = to eross, form an X 

9 contro = opposite; loter = side 

10 /'ps/ = the same; loter = side 
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TABLE 14.1 Major Spinal Traets 

Traet 

Column 

Decussation 

Functions 

Aseending (Sensory) Traets 

Graeile fasciculus 

Posterior 

In medulla 

Sensations of limb and trunk position and movement, deep 
diseriminative touch, vibration, and viseeral pain, below level T6 

Cuneate fasciculus 

Posterior 

In medulla 

Same as graeile fasciculus, but from level T6 up 

Spinothalamie 

Lateral and anterior 

In spinal eord 

Sensations of light touch, tiekle, iteh, temperature, pain, and pressure 

Spinoreticular 

Lateral and anterior 

In spinal eord (some fibers) 

Sensation of pain from tissue injury 

Posterior spinoeerebellar 

Lateral 

None 

Feedbaekfrom muscles (proprioeeption) 

Anterior spinoeerebellar 

Lateral 

In spinal eord 

Same as posterior spinoeerebellar 

Deseending (Motor) Traets 

Lateral eortieospinal 

Lateral 

In medulla 

Fine eontrol of limbs 

Anterior eortieospinal 

Anterior 

In spinal eord 

Fine eontrol of limbs 

Teetospinal 

Anterior 

In midbrain 

Reflexive head-turning in response to visual and auditory stimuli 

Lateral reticulospinal 

Lateral 

None 

Balanee and posture; regulation of awareness of pain 

Medial reticulospinal 

Anterior 

None 

Same as lateral reticulospinal 

Lateral vestibulospinal 

Anterior 

None 

Balanee and posture 

Medial vestibulospinal 

Anterior 

In medulla (some fibers) 

Control of head position 


Posterior column: 
Graeile fasciculus 

Cuneate fasciculus 


Posterior spinoeerebellar traet 


Anterior spinoeerebellar traet 


Anterolateral system 
(eontaining 
spinothalamie 
and spinoreticular 
traets) 


2 




Aseending 

traets 




Deseending 

traets 



Anterior eortieospinal traet 
Lateral 

eortieospinal traet 
Lateral reticulospinal traet 

Teetospinal traet 

Medial reticulospinal traet 

Lateral vestibulospinal traet 
Medial vestibulospinal traet 


Figure 14.3 Traets of the Spinal Cord. All of the illustrated traets occur on both sides of the eord, but only the aseending sensory traets are 
shown on the left (red), and only the deseending motor traets on the right (green). 

• Suppose you were told thot this is o eross seetion either ot level T4 or T10. Afteryou hove finished reoding seetion 14.1, exploin howyou could 
determine which is eorreet. 


The major spinal eord traets are summarized in table 14.1 and 
figure 14.3. Bear in mind that eaeh traet is repeated on the right 
and left sides of the spinal eord. 

Aseending Traets 

Aseending traets earry sensory signals up the spinal eord. Sensory 
signals typieally travel aeross three neurons from their origin in 


the reeeptors to their destination in the sensory areas of the brain: 
a first-order neuron that deteets a stimulus and conducts a signal 
to the spinal eord or brainstem; a seeond-order neuron that eon- 
tinues as far as a “gatevvay” ealled the thalarnm at the upper end 
of the brainstem; and a third-order neuron that earries the signal 
the rest of the way to the sensory region of the eerebral cortex, the 
level of consciousness. The axons of these neurons are ealled the 
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first- through third-order nervefihers. Variations on this pattern will 
be noted for some of the sensory systems to follow. 

The major aseending traets are as follows. Other than the first 
two, their names eonsist of the prefix spino- followed by a root 
denoting the destination of their fibers in the brain. 


The graeile 11 fasciculus (GRAS-el fah-SIC-you-lus) 

(fig. 14.4a) earries signals from the midthoraeie and lower 
parts of the body. Below vertebra T6, it eomposes the entire 


11 


graeil = thin, slender 


Cerebrum 


Midbrain 


lemniscus 



Somatosensory 

cortex 

(posteentral gyrus) 


Third-order 

neuron 
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Cerebrum 
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Reeeptors for body movement, limb positions, 
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Reeeptors for pain, heat, and eold 


(a) 
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Figure 14.4 Some Aseending Traets of the CNS. The spinal eord, medulla oblongata, and midbrain are shown in eross seetion and the 
cerebrum and thalamus (top) in frontal seetion. Nerve signals enter the spinal eord at the bottom of the figure and earry somatosensory information 
to the eerebral cortex at the top. (a) The cuneate fasciculus and medial lemniscus. (b) The spinothalamie traet. 

On the bosis ofthis figure, exploin why the right eerebrol hemisphere pereeives heot ond eold on the left síde ofthe body. Whot is the nome of 
the phenomenon thot occounts for thís tronsmission of sensory informotion from one side ofthe bodyto the opposite side ofthe broin? 































378 


part three Integration and Control 


posterior column. At T6, it is joined by the cuneate fasciculus, 
discussed next. The graeile fasciculus eonsists of first-order 
nerve fibers that travel up the ipsilateral side of the spinal 
eord and terminate at the graeile nucleus in the medulla 
oblongata of the brainstem. These fibers earry signals for 
vibration, viseeral pain, deep and diseriminative touch (touch 
whose loeation one ean preeisely identify), and espeeially 
proprioeeption from the lower limbs and lower trunk. (Pro- 
prioeeption is the nonvisual sense of the position and move- 
ments of the body.) 

• The cuneate 13 (CUE-nee-ate) fasciculus (fig. 14.4a) joins the 
graeile fasciculus at the T6 level. It occupies the lateral por- 
tion of the posterior column and forees the graeile fasciculus 
medially. It earries the same type of sensory signals, origin- 
ating from level T6 and up (from the upper limb and ehest). 

Its fibers end in the cuneate nucleus on the ipsilateral side of 
the medulla oblongata. In the medulla, seeond-order fibers 
of the graeile and cuneate systems decussate and form the 
medial lemniscus 14 (lem-NIS-cus), a traet of nerve fibers that 
leads the rest of the way up the brainstem to the eontralateral 
thalamus. Third-order fibers go from the thalamus to the 
eerebral cortex. Because of decussation, the signals earried by 
the right graeile and cuneate fasciculi ultimately go to the left 
eerebral hemisphere, and viee versa. 

• The spinothalamie (SPY-no-tha-LAM-ie) traet (fig. 14.4b) 
and some smaller traets form the anterolateral system, which 
passes up the anterior and lateral columns of the spinal eord. 
The spinothalamie traet earries signals for pain, temperature, 
pressure, tiekle, iteh, and light or crude touch. Light touch is 
the sensation produced by stroking hairless skin with a feather 
or eotton wisp, without indenting the skin; emde touch is 
touch whose loeation one ean only vaguely identify. In this 
pathway, first-order neurons end in the posterior horn of the 
spinal eord near the point of entry. Here they synapse with 
seeond-order neurons, which decussate to the opposite side 
of the spinal eord and form the aseending spinothalamie traet. 
These fibers lead all the way to the thalamus. Third-order 
neurons continue from there to the eerebral cortex. Because 
of its decussation, the spinothalamie traet ultimately sends its 
signals to the eontralateral eerebral hemisphere. 

• The spinoreticular traet also travels up the anterolateral 
system. It earries pain signals resulting from tissue injury. 

The first-order sensory neurons enter the posterior horn 
and immediately synapse with seeond-order neurons. These 
decussate to the opposite anterolateral system, aseend the 
eord, and end in a loosely organized eore of gray matter 
ealled the reticular formation in the medulla and pons. 
Third-order neurons continue from the pons to the thalamus, 
and fourth-order neurons eomplete the path from there to the 
eerebral cortex. The reticular formation is further deseribed 
in ehapter 15, and the role of the spinoreticular traet in pain 
sensation is further discussed in ehapter 17. 


u proprio = one’s own; eept = reeeive, sense 
U cune = wedge 
n lemniscus = ribbon 


• The posterior and anterior spinoeerebellar (SPY-no-SERR- 
eh-BEL-ur) traets travel through the lateral column and 
earry proprioeeptive signals from the limbs and tmnk to the 
cerebellum, a large motor eontrol area at the rear of the brain. 
The first-order neurons of this system originate in the muscles 
and tendons and end in the posterior horn of the spinal eord. 
Seeond-order neurons send their fibers up the spinoeerebellar 
traets and end in the cerebellum. Fibers of the posterior traet 
travel up the ipsilateral side of the spinal eord. Those of the 
anterior traet eross over and travel up the eontralateral side 
but then eross baek in the brainstem to enter the ipsilateral 
side of the cerebellum. Both traets provide the cerebellum 
with feedbaek needed to eoordinate rmisele aetion, as dis- 
cussed in ehapter 15. 

Deseending Traets 

Deseending traets earry motor signals down the brainstem and 
spinal eord. A deseending motor pathway typieally involves two 
neurons ealled the upper and lower motor neurons. The upper 
motor neuron begins with a soma in the eerebral cortex or brain- 
stem and has an axon that terminates on a lower motor neuron in 
the brainstem or spinal eord. The axon of the lower motor neuron 
then leads the rest of the way to the muscle or other target organ. 
The names of most deseending traets eonsist of a word root denot- 
ing the point of origin in the brain, followed by the suffix -spinal 
The major deseending traets are deseribed here. 

• The eortieospinal (COR-tih-co-SPY-nul) traets earry 
motor signals from the eerebral cortex for preeise, finely 
eoordinated limb movements. The fibers of this system 
form ridges ealled pyramids on the anterior surface of the 
medulla oblongata, so these traets were onee ealled pyrami- 
dal traets. Most eortieospinal fibers decussate in the lower 
medulla and form the lateral eortieospinal traet on the 
eontralateral side of the spinal eord. A few fibers remain 
uncrossed and form the anterior eortieospinal traet on 
the ipsilateral side (fig. 14.5). Fibers of the anterior traet 
decussate lower in the spinal eord, however, so even they 
eontrol eontralateral rmiseles. This traet gets smaller as it 
deseends, giving off fibers to the upper body, and it usually 
disappears by midthoraeie level. 

• The teetospinal (TEC-toe-SPY-nul) traet begins in a mid- 
brain region ealled the tectum and erosses to the eontralateral 
side of the midbrain. It deseends through the brainstem to 
the upper spinal eord on that side, going only as far as the 
neek. It is involved in reflex turning of the head, espeeially in 
response to sights and sounds. 

• The lateral and medial reticulospinal (reh-TIC-you-lo-SPY- 
nul) traets originate in the reticular formation. They eontrol 
muscles of the upper and lower limbs, espeeially to maintain 
posture and balanee. They also eontain deseending analgesie 
fibers that reduce the transmission of pain signals to the brain 
(see p. 466). 

• The lateral and medial vestibulospinal (vess-TIB-you-lo- 
SPY-nul) traets begin in the brainstem vestibular nuclei, 
which reeeive impulses for balanee from the inner ear. The 
lateral vestibulospinal traet passes down the anterior column 
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Figure 14.5 Two Deseending Traets of the CNS. The anterior 

and lateral eortieospinal traets, which earry signals for voluntary 
muscle eontraetion. Nerve signals originate in the eerebral cortex 
at the top of the figure and earry motor eommands down the 
spinal eord. Pathways shown at the bottom right are duplicated 
on the left. 


of the spinal eord and faeilitates neurons that eontrol the 
extensor muscles of the limbs, thus inducing the limbs to 
stiffen and straighten. This is an important reflex in respond- 
ing to body tilt and keeping one’s balanee. The medial 
vestibulospinal traet splits into ipsilateral and eontralateral 
fibers that deseend through the anterior column on both sides 
of the spinal eord and terminate in the neek. It plays a role in 
the eontrol of head position. 

Rnbrospinal traets are prominent in other mammals, where 
they aid in muscle eoordination. Although often pictured in illus- 
trations of supposedly human anatomy, they are almost nonexistent 
in humans and have little functional importanee. 


Before You Go On 



2. 


3. 

Cerebral 

peduncle 

4. 

Upper motor 
neurons 

5. 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. Name the four major regions and two enlargements of the 
spinal eord. 

Deseribe the distal (inferior) end of the spinal eord and the 
eontents of the vertebral eanal from level L2 through S5. 

Sketeh a eross seetion of the spinal eord showing the 
posterior and anterior horns. Where are the gray and white 
matter? Where are the columns and traets? 

Give an anatomieal explanation as to why a stroke in the 
right eerebral hemisphere ean paralyze the limbs on the 
left side of the body. 

Identify eaeh of the following spinal traets with respeet 
to whether it is aseending or deseending; its origin and 
destination; and what sensory or motor purpose it serves: 
the lateral eortieospinal, lateral reticulospinal, and spino- 
thalamie traets, and graeile fasciculus. 






14.2 



The Spinal Nerves 


Expected Learníng Outcomes 

When you have eompleted this seetion, you should be able to 

a. deseribe the anatomy of nerves and ganglia in 
general; 

b. deseribe the attaehment of a spinal nerve to the spinal 
eord; 

e. traee the branehes of a generalized spinal nerve distal 
to its attaehment; 

d. name the five plexuses of spinal nerves and deseribe 
their general anatomy; 

e. name some major nerves that arise from eaeh 
plexus; and 

f. explain the relationship of dermatomes to the spinal 
nerves. 
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Poliomyelitis and Amyotrophie Lateral Selerosis 



Poliomyelitis 15 and amyotrophie lateral se/eros/'s 16 (ALS) are two 
diseases that result from the destmetion of motor neurons. In both 
diseases, the skeletal muscles atrophy from laek of innervation. 

Poliomyelitis is caused by the poliovims, which destroys motor 
neurons in the brainstem and anterior horn of the spinal eord. 
Signs of polio include muscle pain, weakness, and loss of some 
reflexes, followed by paralysis, muscular atrophy, and sometimes 
respiratory arrest. The virus spreads through water eontaminated 
by feees. Historieally, polio afflieted many ehildren who eontraeted 
the virus from eontaminated public swimming pools. For a time, 
the polio vaeeine nearly eliminated new eases, but the disease 
has lately begun to reemerge among ehildren in some countries 
because of antivaeeination polities. 

ALS is also known as Lou Gehrig 17 disease after the baseball 
player who had to retire from the sport because of it. It is marked 
not only by the degeneration of motor neurons and atrophy of the 
muscles, but also selerosis (searring) of the lateral regions of the 
spinal eord—henee its name. Most eases occur when astroeytes 
fail to reabsorb the neurotransmitter glutamate from the tissue 
fluid, allowing it to accumulate to a neurotoxic level. The early signs 
of ALS include muscular weakness and difficulty in speaking, swal- 
lowing, and using the hands. Sensory and intellectual functions 
remain unaffected, as evideneed by the aeeomplishments of astro- 
physieist and best-selling author Stephen Hawking (fig. 14.6), who 
was strieken with ALS while he was in eollege. Despite near-total 
paralysis, he remains highly productive and communicates with the 
aid of a speeeh synthesizer and computer. Tragieally, many people 
are quick to assume that those who have lost most of their ability to 
communicate their ideas and feelings have no ideas and feelings 
to communicate. To a vietim, this may be more unbearable than the 
loss of motor function itself. 


Figure 14.6 Stephen Hawking (1942-), Lucasian Professor of 
Mathematies at Cambridge llniversity. 


General Anatomy 
of Nerves and Ganglia 

The spinal eord communicates with the rest of the body by way of 
the spinal nerves. Before we discuss those speeifie nerves, how- 
ever, it is neeessary to be familiar with the structure of nerves and 
ganglia in general. 

A nerve is a eord eomposed of numerous nerve fibers (axons) 
bound together by eonneetive tissue (fig. 14.7). If we eompare a 
nerve fiber to a wire earrying an eleetrieal current in one direetion, 
a nerve would be eomparable to an eleetrieal eable eomposed of 
thousands of wires earrying currents in opposite direetions. A nerve 
eontains anywhere from a few nerve fibers to more than a million. 
Nerves usually have a pearly white eolor and resemble frayed string 
as they divide into smaller and smaller branehes. 

Nerve fibers of the peripheral nervous system are ensheathed 
in Schwann eells, which form a neurilemma and often a myelin 


15 po//o = gray matter; myel = spinal eord; itis = inflammation 
16 o = without; myo = muscle; troph = nourishment 
17 Lou Gehrig (1903-41), Ameriean baseball player 


sheath around the axon (see p. 359). External to the neurilemma, 
eaeh fiber is surrounded by a basal lamina and then a thin sleeve 
of loose eonneetive tissue ealled the endoneurium. In most 
nerves, the nerve fibers are gathered in bundles ealled faseieles, 
eaeh wrapped in a sheath ealled the perineurium. The perineu- 
rium is eomposed of up to 20 layers of overlapping, squamous, 
epithelium-like eells. Several faseieles are then bundled together 
and wrapped in an outer epineurium to eompose the nerve as a 
whole. The tough epineurium eonsists of dense irregular fibrous 
eonneetive tissue and proteets the nerve from stretehing and injury. 
Nerves have a high metabolie rate and need a plentiful blood sup- 
ply, which is furnished by blood vessels that penetrate these eon- 
neetive tissue eoverings. 


Apply What You Know 

How does the structure of a nerve eompare to that of a skeletal 
muscle? Which of the deseriptive terms for nerves have similar 
counterparts in muscle histology? 













chapter foijrteen The Nervous System II: Spinal Cord and Spinal Nerves 


381 


Rootlets 


Endoneurium 


Posterior root 


Posterior root 
ganglion 


Anterior 

root 


Spinal 

nerve 





Nerve 

fiber 


Faseiele 


Blood 

vessels 


Blood — 
vessels 


© 


(b) 


rajr-í 



W trfà 






Faseiele 






. -4» 



t 





1 


Epineurium 


■ /f 


Perineurium 





T ri ji # 

I kJL iGr 


M 

* 

ILli 




Llnmyelinated nerve fibers 


Myelinated nerve fibers 


Endoneurium 

Myelin 


Figure 14.7 Anatomy of a Nerve. (a) A spinal nerve and its assoeiation with the spinal eord. (b) Cross seetion of a nerve (SEM). Myelinated nerve 
fibers appear in the photograph as white rings and unmyelinated fibers as solid gray. 


Peripheral nerve fibers are of two kinds: sensory (afferent) 
fibers earry signals from sensory reeeptors to the CNS, and motor 
(efferent) fibers earry signals from the CNS to muscles and glands. 
Both sensory and motor fibers ean also be deseribed as somatie or 
viseeral and as general or speeial depending on the organs they 
innervate (table 14.2). 

Purely sensory nerves, eomposed only of afferent fibers, 
are rare; they include the olfaetory and optie nerves deseribed in 
ehapter 15. Motor nerves earry only efferent fibers. Most nerves, 
however, are mixed. A mixed nerve eonsists of both afferent and 
efferent fibers and therefore conducts signals in two direetions, 
although any one fiber within the nerve earries signals in one 
direetion only. Many nerves often deseribed as motor are actually 
mixed because they earry sensory signals of proprioeeption from 
the muscles baek to the CNS. 


TABLE 14.2 

The Oassifieation of Nerve Fibers 

Class 

Deseription 


Afferent fibers 
Efferent fibers 
Somatie fibers 
Viseeral fibers 


Carry sensory signals from reeeptors to the CNS 
Carry motor signals from the CNS to effeetors 
Innervate skin, skeletal muscles, bones, and joints 
Innervate blood vessels, glands, and viseera 


General fibers Innervate widespread organs such as muscles, 

skin, glands, viseera, and blood vessels 

Speeial fibers Innervate more loealized organs in the head, 

including the eyes, ears, olfaetory and taste 
reeeptors, and muscles of chewing, swallowing, 
and faeial expression 


ISM/Phototake 
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Figure 14.8 Anatomy of a Ganglion. Longitudinal seetion. The posterior root ganglion eontains the somas of sensory neurons conducting 
signals from peripheral sense organs to the spinal eord. Below this is the anterior root of the spinal nerve, which conducts motor signals away from 
the spinal eord, toward muscles and other peripheral effeetors. (The anterior root is not part of the ganglion.) 

• To vvhieh morphologieol eotegory of neorons (see p. 356) do the somotosensory neurons in this figure belong? 


If a nerve resembles a thread, a ganglion 18 resembles a knot in 
the thread. A ganglion is a cluster of neurosomas outside the CNS. 
It is enveloped in an epineurium continuous with that of the nerve. 
Among the neurosomas are bundles of nerve fibers leading into 
and out of the ganglion. Figure 14.8 shows a type of ganglion 
assoeiated with the spinal nerves. 

Spinal Nerves 

There are 31 pairs of spinal nerves: 8 eervieal (Cl-C8), 12 thoraeie 
(T1-T12), 5 himbar (L1-L5), 5 saeral (S1-S5), and 1 eoeeygeal 
(Col) (fig. 14.9). The first eervieal nerve emerges between the 
skull and atlas, and the others emerge through intervertebral 
foramina, including the anterior and posterior foramina of the 
saemrn and the saeral hiatus. 


^gangli = knot 


Proximal Branehes 

Eaeh spinal nerve arises from two points of attaehment to 
the spinal eord. In eaeh segment of the eord, six to eight nerve 
rootlets emerge from the anterior surface and eonverge to form the 
anterior (ventral) root of the spinal nerve. Another six to eight 
rootlets emerge from the posterior surface and eonverge to form 
the posterior (dorsal) root (see figs. 14. lb and 14.10). A short 
distanee away from the spinal eord, the posterior root swells into 
a posterior (dorsal) root ganglion, which eontains the somas of 
sensory neurons (fig. 14.8). There is no eorresponding ganglion on 
the anterior root. 

Distal to the ganglion, the anterior and posterior roots 
merge, leave the dural sheath, and form the spinal nerve proper 
(fig. 14.11). The nerve then exits the vertebral eanal through the 
intervertebral foramen. The spinal nerve is a mixed nerve, earrying 
sensory signals to the spinal eord by way of the posterior root and 
ganglion, and motor signals out to more distant parts of the body. 

The anterior and posterior roots are shortest in the eervi- 
eal region and beeome longer inferiorly. The roots that arise 
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Figure 14.9 The Spinal Nerve Roots and 

Plexuses (Posterior View). 


Figure 14.10 The Point of Entry 

of Two Spinal Nerves into the Spinal 
Cord. Posterior view with vertebrae 
cut away. Note that eaeh posterior 
root divides into several rootlets that 
enter the spinal eord. A segment 
of the spinal eord is the portion 
reeeiving all the rootlets of one 
spinal nerve. 

• Whot would be the consequences 
of surgically cutting the spinol nerve 
rootlets shown in this photogroph? 
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© From A Stereoseopie Atlas ofAnatomy by David L. Bassett. Courtesy of Dr. Robert A. Chase, M.D. 
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from segments L2 to Col of the eord form the cauda equina. 
Some vimses invade the CNS by way of these roots (see 
Deeper Insight 14.3). 

Distal Branehes 

Distal to the vertebrae, the branehes of a spinal nerve are more 
complex (figs. 14.11 and 14.12). Immediately after emerging 
from the intervertebral foramen, the nerve divides into a posterior 
ramus , 19 an anterior ramus, and a small meningeal braneh. 
Thus, eaeh spinal nerve branehes on both ends—into posterior 
and anterior roots approaehing the spinal eord, and posterior and 
anterior rami leading away from the vertebral column. 

The meningeal braneh reenters the vertebral eanal and inner- 
vates the meninges, vertebrae, and spinal ligaments with sensory 
and motor fibers. The posterior ramus innervates the muscles and 
joints in that region of the spine and the skin of the baek. The ante- 
rior ramus, largest of the three, innervates the anterior and lateral 
skin and muscles of the trunk and gives rise to nerves of the limbs. 

The anterior ramus differs from one region of the trunk to 
another. In the thoraeie region, it forms an intereostal nerve that 
travels along the inferior margin of a rib and innervates the skin 
and intereostal muscles (thus contributing to breathing), as well as 
the internal oblique, external oblique, and transverse abdominal 
muscles. All other anterior rami form webs ealled nerve plexuses, 
deseribed next. 


19 ramus = braneh 



Shingles 

Chickenpox (vorieello), a eommon disease of early ehildhood, is 
caused by the vorieello-zoster virus. It produces an itehy rash that 
usually elears up without eomplieations. The virus, however, remains 
for life in the posterior root ganglia, kept in eheek by the immune 
system. If the immune system is eompromised, however, the virus 
ean travel down the sensory nerves by axonal transport and cause 
shingles (herpes zoster)— eharaeterized by a painful trail of skin 
diseoloration and fluid-filled vesieles along the path of the nerve. 
These signs usually appear in the ehest and waist, often on just one 
side of the body. In some eases, lesions appear on one side of the 
faee, espeeially in and around the eye and oeeasionally in the mouth. 

There is no cure, and the vesieles generally heal spontane- 
ously within 1 to 3 weeks. In the meantime, aspirin and steroidal 
ointments ean help to relieve the pain and inflammation of 
the lesions. Antiviral drugs such as aeyelovir ean shorten the 
course of an episode of shingles, but only if taken within the first 
2 to 3 days of outbreak. Even after the lesions disappear, how- 
ever, some people suffer intense pain along the course of the 
nerve (postherpetie neurolgio, PHN), lasting for months or even 
years. PHN has proven very difficult to treat, but pain relievers and 
antidepressants are of some help. Shingles is particularly eom- 
mon after the age of 50. Childhood vaeeination against varieella 
reduces the risk of shingles later in life. A vaeeine (Zostavax) is 
reeommended for all healthy adults over age 60. 
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Figure 14.11 Branehes of a Spinal Nerve in Relation to the Spinal Cord and Vertebra (Cross Seetion). ÍAP| R] 
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(a) Anterolateral view 
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(b) Cross seetion 

Figure 14.12 Rami of the Spinal Nerves. (a) Anterolateral view of the spinal nerves and their subdivisions in relation to the spinal eord and 
vertebrae. (b) Cross seetion of the thorax showing innervation of muscles and skin of the ehest and baek. This seetion is cut through the intereostal 
muscles between two ribs. 


Nerve Plexuses 

Except in the thoraeie region, the anterior rami braneh and 
anastomose (merge) repeatedly to form five nerve plexuses: the 
small eervieal plexus in the neek, the braehial plexus in the 
shoulder, the lmnbar plexus of the lower baek, the saeral plexus 
immediately inferior to this, and finally, the tiny eoeeygeal plexus 
adjaeent to the lower saemm and coccyx. A general view of these 
plexuses is shown in figure 14.9; they are illustrated and deseribed 
in tables 14.3 through 14.6. The spinal nerve roots that give rise 
to eaeh plexus are indieated in violet in eaeh table. Some of these 
roots give rise to smaller branehes ealled trnnks, anterior divi- 
sions, posterior divisions, and eords, which are eolor-eoded and 
explained in the individual tables. 

The nerves tabulated here have somatosensory and motor func- 
tions. Somatosensory means that they earry sensory signals from 
bones, joints, muscles, and the skin, in eontrast to sensory input 
from the viseera or from speeial sense organs such as the eyes and 
ears. These somatosensory signals are for touch, heat, eold, streteh, 


pressure, pain, and other sensations. One of the most important 
sensory roles of these nerves is proprioeeption, in which the brain 
reeeives information about body position and movements from 
nerve endings in the muscles, tendons, and joints. The brain uses 
this information to adjust muscle aetions and thereby maintain 
equilibrium (balanee) and eoordination. 

The motor function of these nerves is primarily to stimulate the 
eontraetion of skeletal muscles. These nerves also earry autonomic 
fibers to the blood vessels of the skin, muscles, and other organs, 
thus adjusting blood flow to ehanging loeal needs. 

The following tables identify the areas of skin innervated 
by the sensory fibers and the rmisele groups innervated by the 
motor fibers of the individual nerves. The muscle tables in 
ehapters 11 and 12 provide a more detailed breakdown of the 
muscles supplied by eaeh nerve and the aetions they perform. 
You may assume that for eaeh muscle, these nerves also earry 
autonomic fibers to its blood vessels and sensory fibers from 
its proprioeeptors. Throughout these tables, the abbreviations n. 
and nn. stand for nerve and nerves. 
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TABLE 14.3 The Cervical Plexus 


The eervieal plexus (fig. 14.13) reeeives fibers from the anterior rami of nerves C1 to C5 and gives rise to the nerves listed below, in order from 
superior to inferior. The most important of these are the phrenie 20 nerves, which travel down eaeh side of the mediastinum, innervate the 
diaphragm, and play an essential role in breathing (see fig. 16.3, p. 446). In addition to the major nerves listed here, there are several motor 
branehes that innervate the geniohyoid, thyrohyoid, sealene, levator scapulae, trapezius, and sternoeleidomastoid muscles. 


Nerve 

Composition 

Cutaneous and Other Sensory Innervation 

Muscular Innervation 
(Motor and Proprioeeptive) 

Lesser oeeipital n. 

Somatosensory 

Upper third of medial surface of external ear, skin posterior to 
ear, posterolateral neek 

None 

Great auricular n. 

Somatosensory 

Most of the external ear, mastoid region, region from parotid 
salivary gland (see fig. 11.2, p. 268) to slightly inferior to angle of 
mandible 

None 

Transverse eervieal n. 

Somatosensory 

Anterior and lateral neek, underside of ehin 

None 

Ansa eerviealis 

Mixed 

(None) 

Omohyoid, sternohyoid, and 
sternothyroid muscles 

Supraclavicular nn. 

Somatosensory 

Lower anterior and lateral neek, shoulder, anterior ehest 

None 

Phrenie n. 

Mixed 

Diaphragm, pleura, and pericardium 

Diaphragm 



Roots 


Figure 14.1^ The eervieal Plexus. 

Prediet the effeet ofo sorgieoi oeeident in vvhieh the phrenie nerve 
is severed. APIR 


nerve (XII) 



Lesser oeeipital nerve 
Great auricular nerve 

Transverse eervieal nerve 

Ansa eerviealis: 

- Anterior root 

- Posterior root 


Supraclavicular nerves 


Phrenie nerve 


20 phren = diaphragm 

























TABLE 14.4 


The Braehial Plexus 


The braehial plexus (figs. 14.14 and 14.15) is formed predominantly by nerves C5 to T1 (C4 and T2 make smaller contributions). It passes over the first 
rib into the axilla and innervates the upper limb and some muscles of the neek and shoulder. This plexus is well known for its conspicuous M or W 
shape when seen in eadaver disseetion. The subdivisions of this plexus are ealled roots, trunks, divisions, and eords (eolor-eoded in fig. 14.14). The 
five roots are the anterior rami of C5 through T1. Roots C5 and C6 eonverge to form the upper trunk; C7 continues as the middle trunk; and C8 and 
T1 eonverge to form the lower trunk. Eaeh trunk divides into an anterior and posterior division; as the body is disseeted from the anterior surface of 
the shoulder inward, the posterior divisions are found behind the anterior ones. Finally, the six divisions merge to form three large fiber bundles—the 
lateral, posterior, and medial eords. From these eords arise the following major nerves, listed in order of the illustration from superior to inferior. 





Cutaneous and Joint 

Muscular Innervation 

Nerve 

Composition 

Cord of Origin 

Innervation (Sensory) 

(Motor and Proprioeeptive) 

Musculocutaneous n. 

Mixed 

Lateral 

Skin of anterolateral forearm; elbowjoint 

Braehialis, bieeps braehii, and 
eoraeobraehialis muscles 

Axillary n. 

Mixed 

Posterior 

Skin of lateral shoulder and arm; shoulder 

Deltoid and teres minor muscles 


Radial n. 


Mixed 


Posterior 


joint 

Skin of posterior arm; posterior and lateral Mainly extensor muscles of posterior arm 


forearm and wrist; joints of elbow, wrist, 
and hand 


and forearm (see tables 12.3 and 12.4) 


Median n 


Mixed 


Lateral and medial Skin of lateral two-thirds of hand; tips of 

digits I—IV; joints of hand 


Mainly forearm flexors; thenar group 
and lumbricals l-ll of hand (see tables 
12.3 to 12.5) 


Ulnar n. 


Mixed 


Medial 


Skin of palmar and medial hand and digits Some forearm flexors; adductor pollieis; 



V;joints ofelbowand hand 


hypothenar group; interosseous muscles; 


lumbricals III—IV (see tables 12.4 and 12.5) 


C5 


Dorsal scapular nerve 


Suprascapular nerve 


C6 


C7 


Lateral eord 
Posterior eord 


Medial eord 


C8 


T1 



Lateral eord 
Posterior eord 
Medial eord 


Axillary nerve 

Musculocutaneous 

nerve 


Median nerve 


Radial nerve 


Long thoraeie 


nerve 


Roots 


Trnnks 


Anterior divisions 


Posterior divisions 


Cords 



Musculocutaneous nerve 


Axillary nerve 
Radial nerve 


Median nerve 


Lllnar nerve 


Superficial braneh 
of ulnar nerve 

Digital braneh 
of ulnar nerve 

Digital braneh 
of median nerve 


Figure 14.14 The Braehial Plexus. The labeled nerves innervate muscles tabulated in ehapter 12, and those in boldfaee are further detailed 


in this table. 
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TABLE 14.4 The Braehial Plexus (continued) 



Lateral eord 


Posterior eord 


Musculocutaneous 

nerve 


Axillary nerve 

Medial eord 

Radial nerve 

Median nerve 
lllnar nerve 

Long thoraeie 
nerve 


Figure 14.1E The Braehial Plexusofa Cadaver. Anterior view of the left shoulder. 


DEEPER INSIGHT 


Nerve Injiiries 



The radial and seiatie nerves are espeeially vulnerable to 
injury. The radial nerve, vvhieh passes through the axilla, may 
be eompressed against the humerus by improperly adjusted 
crutches, causing crutch paralysis. A similar injury often 
resulted from the diseredited praetiee of trying to eorreet a 
disloeated shoulder by putting a foot in a person’s armpit and 
pu11ing on the arm. One consequence of radial nerve injury is 
vvrist drop —the fingers, hand, and vvrist are ehronieally flexed 
because the extensor muscles supplied by the radial nerve 
are paralyzed. 


Because of its position and length, the seiatie nerve of the hip 
and thigh (see p. 390) is the most vulnerable nerve in the body. 
Trauma to this nerve produces seiatiea, a sharp pain that travels 
from the gluteal region along the posterior side of the thigh and leg 
as far as the ankle. Ninety pereent of eases result from a herniated 
intervertebral dise or osteoarthritis of the lovver spine, but seiatiea 
ean also be caused by pressure from a pregnant uterus, disloeation 
of the hip, injeetions in the vvrong area of the buttock, or sitting for a 
long time on the edge of a hard ehair. Men sometimes suffer seiatiea 
because of the habit of sitting on a vvallet earried in the hip poeket. 


D McGraw-Hill Education/Photo and Disseetion by Christine Eekel 
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TABLE 14.5 The Lumbar Plexus 


The lumbar plexus (fig. 14.16) is formed from the anterior rami of nerves L1 to L4 and some fibers from T12. With only five roots and two divisions, 
it is less complex than the braehial plexus. It gives rise to the following nerves. 


Nerve 

Composition 

Cutaneous and Joint Innervation (Sensory) 

Muscular Innervation 
(Motor and Proprioeeptive) 

lliohypogastrie n. 

Mixed 

Skin of lower anterior abdominal and posterolateral 
gluteal regions 

Internal and external abdominal oblique 
and transverse abdominal muscles 

llioinguinal n. 

Mixed 

Skin of upper medial thigh; male scrotum and root of 
penis; female labia majora 

Internal abdominal oblique 

Genitofemoral n. 

Mixed 

Skin of middle anterior thigh; male scrotum; 
female labia majora 

Male eremaster muscle (705) 

Lateral femoral 

cutaneous n. 

Somatosensory 

Skin of anterior and upper lateral thigh 

None 

Femoral n. 

Mixed 

Skin of anterior, medial, and lateral thigh and knee; 
skin of medial leg and foot; hip and kneejoints 

lliacus, pectineus, quadriceps femoris, 
and sartorius muscles 

Obturator n. 

Mixed 

Skin of medial thigh; hip and kneejoints 

Obturator externus; medial (adductor) 
thigh muscles (see table 12.6) 


Roots 


Anterior divisions 


Posterior divisions 



lliohypogastrie 


nerve 


llioinguinal nerve 




Genitofemoral nerve 


Obturator nerve 


Anterior view 


From lumbar plexus 
From saeral plexus 


Lateral femoral cutaneous nerve 


Femoral nerve 


Obturator nerve 

Lumbosacral trunk 


Hip bone 


Saemrn 


Femoral nerve 


Pudendal nerve 


1 


Seiatie nerve 
Femur 



Tibial nerve 


Common fibular nerve 


Superficial fibular nerve 


Deep fibular nerve 


Fibula 


Tibia 


Tibial nerve 


Medial plantar nerve 
Lateral plantar nerve 


v 


s 




Figure 14.16 The Lumbar Plexus. The nerves in boldfaee are further detailed in this table. APl Rj 


Posterior view 
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TABLE 14.6 The Saeral and Coccygeal Plexuses 


The saeral plexus (fig. 14.17) is formed from the anterior rami of nerves L4, L5, and S1 through S4. It has six roots and anterior and posterior 
divisions. Sinee it is eonneeted to the lumbar plexus by fibers that run through the lumbosocrol trunk, the two plexuses are sometimes referred 
to eolleetively as the lumbosocrol plexus. The eoeeygeal plexus is a tiny plexus formed from the anterior rami of S4, S5, and Co1. 

The tibiol and eommon fibulor nerves travel together through a eonneetive tissue sheath; they are referred to eolleetively as the seiatie 
(sy-AT-ie) nerve. The seiatie nerve passes through the greater seiatie noteh of the pelvis, extends for the length of the thigh, and ends at the 
popliteal fossa. Here, the tibial and eommon fibular nerves diverge and follow their separate paths into the leg. The tibial nerve deseends 
through the leg and then gives rise to the medial and plantar nerves in the foot. The eommon fibular nerve divides into deep and superficial 
fibular nerves. The seiatie nerve is a eommon focus of injury and pain (see Deeper Insight 14.4). 


Nerve 

Composition 

Cutaneous and Joint Innervation (Sensory) 

Muscular Innervation 
(Motor and Proprioeeptive) 

Superior gluteal n. 

Mixed 

(None) 

Gluteus minimus, gluteus medius, and 
tensor faseiae latae muscles 

Inferior gluteal n. 

Mixed 

(None) 

Gluteus maximus muscle 

Posterior cutaneous n. 

Somatosensory 

Skin of gluteal region, perineum, posterior and medial 
thigh, popliteal fossa, and upper posterior leg 

None 



Tibial n. 

Mixed 

Skin of posterior leg; plantar skin; knee and foot joints 

Hamstring muscles; posterior muscles 
of leg (see tables 12.6 and 12.7); most 
intrinsie foot muscles (via plantar 
nerves) (see table 12.8) 

Fibular (peroneal) 
n. (eommon, deep, 
and superficial) 

Mixed 

Skin of anterior distal third of leg, dorsum of foot, and 
toes l-ll; knee joint 

Bieeps femoris muscle; anterior 
and lateral muscles of leg; extensor 
digitorum brevis muscle of foot (see 
tables 12.7 to 12.9) 

Pudendal n. 

Mixed 

Skin of penis and scrotum of male; elitoris, labia majora 
and minora, and lower vagina offemale 

Muscles of perineum (see table 11.8) 



Lumbosacral 



Roots 



trunk 



Anterior divisions 




Posterior divisions 


Superior gluteal nerve 


Inferior gluteal nerve 


Seiatie nerve: 

— Common fibular nerve 
—Tibial nerve 

Posterior cutaneous 
nerve 

Pudendal nerve 


Figure 14.1 The Saeral and Coccygeal Plexuses. 
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Cutaneous Innervation and Dermatomes 


Eaeh spinal nerve except C1 reeeives sensory input from a speeifie 
area of skin ealled a dermatome , 21 derived from the embryonie 
dermatomes deseribed in ehapter 4. A dermatome map (fig. 14.18) 
is a diagram of the cutaneous regions innervated by eaeh spinal 
nerve. Such a map is oversimplified, however, because the derma- 
tomes overlap at their edges by as much as 50%. Therefore, sever- 
anee of one sensory nerve root does not entirely deaden sensation 
from a dermatome. It is neeessary to sever or anesthetize three 


2 derma = skin; tome = segment, part 



C5 

T1 





Cervical nerves 



Thoraeie nerves 



Lumbar nerves 



Saeral nerves 


Figure 14.18 A Dermatome Map of the Anterior Aspeet of the 
Body. Eaeh zone of the skin is innervated by sensory branehes of the 
spinal nerves indieated by the labels. Nerve C1 does not innervate the 
skin. 


sequential spinal nerves to produce a total loss of sensation from 
one dermatome. Spinal nerve damage is assessed by testing the 
dermatomes with pinprieks and noting areas in which the patient 
has no sensation. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

6. What is meant by the posterior and onterior roots of a 
spinal nerve? Which of these is sensory, and vvhieh is 
motor? 

7. Where are the somas of the posterior root loeated? Where 
are the somas of the anterior root? 

8. Listthe five plexuses of spinal nerves and state vvhere eaeh 
one is loeated. 

9. State vvhieh plexus gives rise to eaeh of the follovving 
nerves: axillary, ilioinguinal, obturator, phrenie, pudendal, 
radial, and seiatie. 



Somatie Reflexes 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. define reflex and explain how reflexes differ from 
other motor aetions; 

b. deseribe the general eomponents of a typieal reflex 
are; and 

e. deseribe some eommon variations in reflex ares. 


Reflexes are quick, invohmtary, stereotyped reaetions of glands 
or muscles to stimulation. This definition sums up four important 
properties of a reflex: 

1. Reflexes require stimulation —they are not spontaneous 
aetions like muscle ties but responses to sensory input. 

2. Reflexes are quick —they generally involve few if any 
interneurons and minimal synaptie delay. 

3. Reflexes are involuntary —they occur without intent, often 
without our awareness, and they are difficult to suppress. 
Given an adequate stimulus, the response is essentially 
automatic. You may beeome conscious of the stimulus that 
evoked a reflex, and this awareness may enable you to eorreet 
or avoid a potentially dangerous situation, but awareness is 
not a part of the reflex itself. It may eome after the reflex 
aetion has been eompleted, and some reflexes occur even 

if the spinal eord has been severed so that no stimuli reaeh 
the brain. 
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4. Reflexes are stereotyped —they occur in essentially the 
same way every time, unlike our more variable learned and 
voluntary behaviors; a reflex is very predietable. 


Viseeral reflexes are responses of glands, eardiae muscle, 
and smooth muscle. They are eontrolled by the autonomic 
nervous system and discussed in ehapter 16. Somatie reflexes 
are responses of skeletal muscles, such as the quick with- 
drawal of your hand from a hot stove or the lifting of your foot 
when you step on something sharp. They are eontrolled by the 
somatie nervous system. They have traditionally been ealled 
spinal reflexes, although this is a misleading expression for 
two reasons: (1) Spinal reflexes are not exclusively somatie; 
the autonomic (viseeral) reflexes also involve the spinal eord. 
(2) Some somatie reflexes are mediated more by the brain than 
by the spinal eord. 

Somatie reflexes will be briefly discussed here from the ana- 
tomieal standpoint. A somatie reflex employs a rather simple 
neural pathway ealled a reflex are, from a sensory nerve ending 
to the spinal eord or brainstem and baek to a skeletal muscle 
(fig. 14.19). The eomponents of a reflex are are as follows: 


1. Somatie reeeptors in the skin, a muscle, or a tendon. 
These include simple nerve endings for heat and pain in the 


skin, speeialized streteh reeeptors ealled muscle spindles 
embedded in the skeletal imiseles, and other types 
(see ehapter 17, p. 462). 

2. Afferent nerve fibers, which earry information from these 
reeeptors into the posterior horn of the spinal eord. 

3. An integrating eenter, a neural pool in the gray matter of the 
spinal eord or brainstem. In most reflex ares, the integrating 
eenter has one or more interneurons. Synaptie events in the 
integrating eenter determine whether the efferent (output) 
neuron issues a signal to the muscle. 

4. Efferent nerve fibers, which originate in the anterior horn 
of the spinal eord and earry motor impulses to the skeletal 
muscles. 

5. Skeletal muscles, the somatie effeetors that earry out the 
response. 

In the simplest type of reflex are, there is no interneuron. The 
afferent neuron synapses direetly with an efferent neuron, so this 
kind of pathway is ealled a monosynaptie reflex are. Synaptie delay 
is minimal, and the response is espeeially quick. Most reflex ares, 
however, have one or more interneurons, and indeed often involve 
multineuron circuits with many synapses. Such reflex ares produce 


Axon of sensory neuron 


Spinal eord 


Cell body of sensory neuron 


Effeetor (quadriceps 
femoris muscle) 


Dendrite of 
sensory neuron 


Cell body of motor neuron 


Patellar ligament 





Figure 14.19 A Representative Reflex Are. The monosynaptie 

reflex are of the patellar tendon reflex. The pathway is shown in greatly 
simplified form. Numerous afferent and efferent fibers would be 
neeessary to produce an effeetive response. 

This diogrom shows motor output to the quodriceps femoris muscle. 
For the potellor tendon reflex to work, it is olso neeessory to inhibit 
eontroetion ofthe ipsiloterol homstring muscles, using o pothwoy not 
illustroted here. Exploin the neeessity for this inhibitory reflex. APi R 
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more prolonged muscular responses and, by way of diverging 
circuits, may stimulate multiple muscles at onee. 


Apply What You Know 

There is actually a seeond synapse in a “monosynaptie” reflex 
are. Identify its loeation. 


A reflex like the one diagrammed in figure 14.19 is deseribed 
as an ipsilateral reflex because the CNS input and output 
are on the same side of the body. Others such as the erossed 
extension reflex (table 14.7) are ealled eontralateral reflexes 
because the sensory input enters the spinal eord on one side of 
the body and the motor output leaves on the opposite side. In 
an intersegmental reflex, the sensory signal enters the spinal 
eord at one level (segment), and the motor output leaves the eord 
from a higher or lower level. For example, if you step on some- 
thing sharp and lift your foot from the ground, some motor output 
leaves the spinal eord higher up and goes to trunk muscles that 
flex your waist. This shifts your eenter of gravity over the leg still 
on the ground, preventing you from falling over. 

Table 14T deseribes several types of somatie reflexes. These 
reflexes are eontrolled primarily by the eerebmm and cerebellum 
of the brain, but a weak response is mediated through the spinal 
eord and persists even if the spinal eord is severed from the brain. 
The spinal eomponent ean be more pronounced if the stimulus 
is sudden or intense, as in the elinieal testing of the knee-jerk 
(patellar) reflex and other streteh reflexes. 



Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe some effeets of spinal eord injuries; and 

b. define the types of paralysis and explain the basis for 
their differenees. 


Some developmental abnormalities of the spinal eord are deseribed 
in ehapter 13. In ehildren and adults, the most signifieant disor- 
der of the spinal eord is trauma. Eaeh year in the IJnited States, 
10,000 to 12,000 people beeome paralyzed by spinal eord 
trauma, usually as a result of vertebral fractures. The group at 
greatest risk is males from 16 to 30 years old, because of their 
high-risk behaviors. Fifty-five pereent of their spinal injuries are 
from automobile and motoreyele aeeidents, 18% from sports, and 
15% from gunshot and stab wounds. Elderly people are also at 
above-average risk because of falls, and in times of war, battle- 
field injuries account for many eases. 

Complete transeetion (severanee) of the spinal eord causes 
immediate loss of motor eontrol at and below the level of the 
injury. Vietims also lose all sensation from the level of injury 
and below, although some patients temporarily feel burning pain 
within one or two dermatomes of the level of the lesion. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

10. Define reflex. Distingiiish betvveen somatie and viseeral 

reflexes. 

11. List and define the five eomponents of a typieal somatie 
reflex are. 

12. Deseribe a situation in vvhieh eaeh of the follovving would 

be functionally relevant: an ipsilateral, a eontralateral, and 

an intersegmental reflex are. 


Apply What You Know 

Respiratory paralysis typieally results from spinal eord 
transeetion above level C4, but not from injuries below that 
level. Explain. 


In the early stage, vietims exhibit a syndrome (a suite of 
signs and symptoms) ealled spinal shoek. The muscles below 
the level of injury exhibit flaeeid paralysis (inability to eontraet) 
and an absenee of reflexes because of the laek of stimulation 
from higher levels of the CNS. For 8 days to 8 weeks after the 



TABLE 14.7 Types of Somatíe Reflexes 


Streteh reflex inereased muscle tension in response to streteh. Serves to maintain equilibrium and posture, stabilize joints, and 

make joint aetions smoother and better eoordinated. The knee-jerk reflex (patellar reflex, fig. 14.19) is a familiar 
monosynaptie spinal reflex. 

Flexor reflex Contraction of flexor muscles resulting in withdrawal of a limb from an injurious stimulus, as in withdrawal from a burn or 

pinpriek 


Crossed extension Contraction of extensor muscles in one limb when the flexor muscles of the opposite limb eontraet. Stiffens one leg, for 

reflex example, when the opposite leg is lifted from the ground, so that one does not fall over. 


Tendon reflex 


Inhibition of muscle eontraetion when a tendon is excessively stretehed, serving to prevent tendon injuries 
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aeeident, the patient typieally laeks bladder and bowel reflexes 
and thus retains urine and feees. Laeking sympathetie stimula- 
tion to the blood vessels, a patient may exhibit neurogenic shoek 
in which the vessels dilate and blood pressure drops dangerously 
low. Spinal shoek ean last from a few days to 3 months, but typi- 
eally lasts 7 to 20 days. 

As spinal shoek subsides, somatie reflexes begin to reappear, 
at first in the toes and progressing to the feet and legs. Autonomic 
reflexes also reappear. Contrary to the earlier urinary and feeal 
retention, a patient now has the opposite problem, ineontinenee, 
as the rectum and bladder empty reflexively in response to streteh. 
Both the somatie and autonomic nervous systems typieally 
exhibit exaggerated reflexes, a state ealled hyperreflexia or the 
mass reflex reaetion. Stimuli such as a full bladder or cutaneous 
touch ean trigger an extreme cardiovascular reaetion. The systolie 
blood pressure, normally about 120 mm Hg, jumps as high as 
300 mm Hg, sometimes causing a stroke. Pressure reeeptors in 
the major arteries sense this rise in blood pressure and aetivate 
a reflex that slows the heart, sometimes to a rate as low as 30 or 
40 beats/minute (bradyeardia). Men at first lose the eapaeity for 
ereetion and ejaculation. They may reeover these functions later 
and beeome eapable of climaxing and fathering ehildren, but still 
laek sexual sensation. 

The most serious permanent effeet of spinal eord trauma is 
paralysis. As reflexes reappear, they laek inhibitory eontrol from 
the brain. Consequently, the initial flaeeid paralysis of spinal shoek 
ehanges to spastie paralysis. This typieally starts with ehronie flex- 
ion of the hips and knees (flexor spasms) and progresses to a state 
in which the limbs beeome straight and rigid (extensor spasms). 


Three forms of muscle paralysis are paraplegia, a paralysis of 
both lower limbs resulting from spinal eord lesions at levels T1 
toLl; quadriplegia, the paralysis of all four limbs resulting from 
lesions above level C5; and hemiplegia, paralysis of one side of 
the body, usually resulting not from spinal eord injuries but from 
a stroke or other brain lesion. Spinal eord lesions from C5 to C7 
ean produce a state of partial quadriplegia—total paralysis of the 
lower limbs and partial paralysis ( paresis, or weakness) of the 
upper limbs. 

Treatment of spinal eord injuries is an area of intense medieal 
researeh, with hopes for reeovery of spinal functions stimulated 
by new insights into the physiologieal meehanisms of spinal 
eord tissue death and the potential for embryonie stem eells to 
regenerate damaged eord tissue. 

Table 14.8 deseribes some injuries and other disorders of the 
spinal eord and spinal nerves. 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

13. Deseribe the signs of spinal shoek. 

14. Deseribe the differenee betvveen flaeeid paralysis and 

spastie paralysis. 

15. Distinguish betvveen the causes of paraplegia, quadriplegia, 

and hemiplegia. 


TABLE 14.8 Some Disorders of the Spinal Cord and Spinal Nerves 


Guillain-Barré 

syndrome 


An acute demyelinating nerve disorder often triggered by viral infeetion, resulting in muscle weakness, elevated 
heart rate, unstable blood pressure, shortness of breath, and sometimes death from respiratory paralysis 


Neuralgia 


General term for nerve pain, often caused by pressure on spinal nerves from herniated intervertebral dises or 
other causes 


Paresthesia 


Abnormal sensations of priekling, burning, numbness, or tingling; a symptom of nerve trauma or other peripheral 
nerve disorders 


Peripheral Any loss of sensory or motor function due to nerve injury; also ealled nerve polsy 

neuropathy 

Rabies (hydrophobia) A disease usually eontraeted from animal bites, involving viral infeetion that spreads via somatie motor nerve fibers to 

the CNS and then out of the CNS via autonomic nerve fibers, leading to seizures, eoma, and death; invariably fatal if 
not treated before CNS symptoms appear 


Spinal meningitis Inflammation of the spinal meninges due to viral, baeterial, or other infeetion 


Disorders Deseribed Elsevvhere 


Amyotrophie lateral selerosis 380 
Carpal tunnel syndrome 307 
Crutch paralysis 388 
Diabetie neuropathy 465 
Hemiplegia 394 


Leprosy 465 
Multiple selerosis 361 
Poliomyelitis 380 
Paraplegia 394 
Quadriplegia 394 


Seiatiea 388 
Shingles 384 
Spina bifida 367 
Spinal eord trauma 393 
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Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

14.1 The Spinal Cord (p. 372) 

1. Four functions of the spinal eord and their 
relationship to spinal traets, eentral pattern 
generators, and reflex ares in the eord 

2. The extent of the spinal eord in relation to 
the vertebrae, and the loeation and eompo- 
sition of the cauda equina 

3. The four regions of the spinal eord and the 
basis for their names 

4. What is meant by a segment of the spinal 
eord 

5. The loeations and functional signifieanee 
of the eervieal and lumbar enlargements of 
the eord 

6. The three meninges assoeiated with the 
spinal eord and their relationships with 
the epidural spaee, dural sheath, subarach- 
noid spaee, denticulate and eoeeygeal liga- 
ments, and lumbar eistern 

7. The arrangement of the gray matter and 
white matter of the spinal eord as seen in 
eross seetion, and the eomposition of eaeh 
tissue 

8. The loeations and hmetional differenees 
between the posterior horn, anterior horn, 
and lateral horn of the spinal gray matter 

9. The columns and traets of spinal white 
matter 

10. The general function of the aseending 
traets; the system used for naming most 
of them; and their individual names, loea- 
tions, and functions 


11. First- through third-order neurons; decus- 
sation in the aseending traets; and the 
implieation of this decussation for the rela- 
tionship between the eerebral hemispheres 
and the origin of sensory signals from the 
lower body 

12. The general function of the deseending 
traets; the system for naming them; and 
their individual names, loeations, and 
functions 

13. Upper and lower motor neurons; decus- 
sation in the deseending traets; and the 
implieation of this decussation for the rela- 
tionship between the eerebral hemispheres 
and motor eontrol of the lower body 

14.2 The Spinal Nerves (p. 379) 

1. The structure of a nerve, including its three 
layers of eonneetive tissue and how they 
relate to the organization of nerve fibers 
into faseieles 

2. The differenees between afferent and 
efferent nerve fibers; somatie and viseeral 
fibers; and general and speeial fibers 

3. The differenee between sensory, motor, 
and mixed nerves 

4. The structure of a ganglion; where ganglia 
are found; and the relationship between a 
ganglion and a nerve 

5. The number of spinal nerves and the sys- 
tem for naming and numbering them 

6. The structure of the proximal portion of 
a spinal nerve, including its posterior and 
anterior roots, their rootlets, and the poste- 
rior root ganglion; and how the posterior 
and anterior roots relate to the posterior 
and anterior horns of the spinal eord 


7. The structure of the distal portion of a 
spinal nerve, particularly its division into 
a posterior ramus, anterior ramus, and 
meningeal braneh, and where these three 
branehes lead 

8. The five plexuses of spinal nerves—their 
names, loeations, and structure; the nerves 
that arise from them; and the structures 
innervated by these nerves (tables 14.3 
through 14.6) 

14.3 Somatie Reflexes (p. 391) 

1. The general eharaeteristies of a reflex, and 
how viseeral reflexes differ from somatie 
reflexes 

2. The eomponents of a reflex are and the 
path followed by the afferent and efferent 
nerve signals of a somatie reflex 

3. The differenees between a monosynaptie 
and a polysynaptie reflex are 

4. The differenees between ipsilateral, eon- 
tralateral, and intersegmental reflex ares, 
and some reflexes that would employ eaeh 
type 

5. The nature of a streteh reflex, flexor 
reflex, erossed extension reflex, and ten- 
don reflex 

14.4 Clinical Perspeetives (p. 393) 

1. Causes and risk faetors for spinal eord 
trauma 

2. The effeets of spinal eord trauma includ- 
ing spinal shoek, hyperreflexia, and flae- 
eid and spastie paralysis 

3. The differenees between paraplegia, quad- 
riplegia, and hemiplegia with respeet to 
their causes and parts of the body affeeted 


Testing Your Reeall 


1. Below L2, the vertebral eanal is occupied 
by a bundle of spinal nerve roots ealled 

a. the terminal filum. 

b. the deseending traets. 
e. the graeile fasciculus. 

d. the medullary eone. 

e. the cauda equina. 

2. The braehial plexus gives rise to all of the 
following nerves except 

a. the axillary nerve. 

b. the radial nerve. 


e. the obturator nerve. 

d. the median nerve. 

e. the ulnar nerve. 

3. Between the dura mater and vertebral 
bone, one is most likely to find 

a. araehnoid mater. 

b. denticulate ligaments. 
e. eartilage. 

d. adipose tissue. 

e. spongy bone. 


4. Which of these traets earries motor signals 
destined for the postural muscles? 

a. the graeile fasciculus 

b. the cuneate fasciculus 
e. the spinothalamie traet 

d. the vestibulospinal traet 

e. the teetospinal traet 

5. A patient has a gunshot wound that caused 
a bone fragment to niek the spinal eord. 
The patient now feels no pain or tem- 
perature sensations from that level of the 
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body down. Most likely, the _ was 

damaged. 

a. graeile fasciculus 

b. medial lemniscus 

c. teetospinal traet 

d. lateral eortieospinal traet 

e. spinothalamie traet 

6 . Which of these is not a region of the spinal 
eord? 

a. eervieal 

b. thoraeie 

c. pelvie 

d. lumbar 

e. saeral 

7. In the spinal eord, the somas of the lower 
motor neurons are found in 

a. the cauda equina. 

b. the posterior horns. 

c. the anterior horns. 

d. the posterior root ganglia. 

e. the fasciculi. 

8 . The outermost eonneetive tissue wrapping 
of a nerve is ealled 

a. the epineurium. 


b. the perineurium. 

c. the endoneurium. 

d. the araehnoid mater. 

e. the dura mater. 

9. The intereostal nerves between the ribs 
arise from which spinal nerve plexus? 

a. eervieal 

b. braehial 

c. lumbar 

d. saeral 

e. none of them 

10. All somatie reflexes share all of the follow- 
ing properties except 

a. they are quick. 

b. they are monosynaptie. 

c. they require stimulation. 

d. they are involuntary. 

e. they are stereotyped. 

11. Outside the CNS, the somas of neurons are 

clustered in swellings ealled_. 

12. Distal to the intervertebral foramen, a spi- 
nal nerve branehes into a posterior and 
anterior 


13. The cerebellum reeeives feedbaek from 

the muscles and joints by way of the_ 

traets of the spinal eord. 

14. Motor innervation of the leg proper eomes 

predominantly from the_plexus. 

15. Neural circuits ealled_in the spinal 

eord produce the rhythmie muscular eon- 
traetions of walking. 

16. The_nerves arise from the eervieal 

plexus and innervate the diaphragm. 

17. The erossing of a nerve fiber or traet from 

the right side of the CNS to the left, or viee 
versa, is ealled_. 

18. The nonvisual awareness of the body’s 

position and movements is ealled_. 

19. The_ganglion eontains the somas of 

neurons that earry sensory signals to the 
spinal eord. 

20. The seiatie nerve is a eomposite of two 

nerves, the_and_. 

Answers in appendix A 


Building Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 3. 

following word elements, and give a term in 4. 

which it is used. 5. 

6 . 

1 . caudo- 7 

2. eontra- o 


later- 9. phreno- 

proprio- 10 . tom- 

graeil- 

myelo- 

a- 

-itis 


Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. The graeile fasciculus is a deseending spi- 
nal traet. 

2. At the inferior end, the adult spinal eord 
ends before the vertebral column does. 

3. Eaeh spinal eord segment has only one pair 
of spinal nerves. 


4. Some spinal nerves are sensory and others 
are motor. 

5. The dura mater adheres tightly to the bone 
tissue of the vertebral eanal. 

6 . The anterior and posterior horns of the spi- 
nal eord are eomposed of gray matter. 

7. The eortieospinal traets earry motor sig- 
nals down the spinal eord. 


8 . The dermatomes are nonoverlapping 
regions of skin innervated by different spi- 
nal nerves. 

9. Somatie reflexes are those that do not 
involve the brain. 

10. The Golgi tendon reflex aets to inhibit 
muscle eontraetion. 

Answers in appendix A 


Testing Your Comprehension 


1. Jillian is thrown from a horse. She strikes 
the ground with her ehin, causing severe 
hyperextension of the neek. Emergeney 


medieal teehnieians properly immobilize 
her neek and transport her to a hospital, 
but she dies 5 minutes after arrival. An 


autopsy shows multiple fractures of verte- 
brae Cl, C 6 , and C7 and extensive dam- 
age to the spinal eord. Assuming that these 
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faets alone could account for her death, 
explain why she died rather than being left 
quadriplegic. 

2. Wallace is the vietim of a hunting aeeident. 
A bullet grazed his vertebral column, and 
bone fragments severed the left half of his 
spinal eord at segments T8 through TIO. 
Sinee the aeeident, Wallace has had a eon- 
dition ealled dissoeiated sensory loss, in 
which he feels no sensations of deep touch 
or limb position on the left side of his body 
below the injury and no sensations of pain 
or heat on the right side. Explain what spi- 
nal traet(s) the injury has affeeted and why 


these sensory losses are on opposite sides 
of the body. 

3. Anthony gets into a fight between rival 
gangs. As an attaeker eomes at him with 
a knife, he turns to flee, but stumbles. The 
attaeker stabs him on the medial side of the 
right gluteal fold, and Anthony eollapses. 
He loses all use of his right limb, being 
unable to extend his hip, flex his knee, 
or move his foot. He never fully reeovers 
these lost functions. Explain what nerve 
injury Anthony has most likely suffered. 

4. Stand with your right shoulder, hip, and 
foot firmly against a wall. Raise your left 


foot from the floor without losing eontaet 
with the wall at any point. What happens? 
Why? What prineiple of this ehapter does 
this demonstrate? 

5. When a patient needs a tendon graft, sur- 
geons sometimes use the tendon of the 
palmaris longus, a relatively dispensable 
muscle of the forearm. The median nerve 
lies nearby and looks very similar to this 
tendon. There have been eases in which 
a surgeon mistakenly removed a seetion 
of this nerve instead of the tendon. What 
effeets do you think such a mistake would 
have on the patient? 
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T he mystique of the brain continues to intrigue modern 

biologists and psyehologists even as it did the philoso- 
phers of antiquity. Aristotle thought the brain was merely 
a radiator for eooling the blood, but generations earlier, Hip- 
poerates had expressed a more accurate view. “Men ought to 
know,” he said, “that from the brain, and from the brain only, arise 
our pleasures, joy, laughter and jests, as well as our sorrows, 
pains, griefs and tears. Through it, in particular, we think, see, 
hear, and distinguish the ugly from the beautiful, the bad from 
the good, the pleasant from the unpleasant.” 

Brain function is so strongly assoeiated with what it means to 
be alive and human that the eessation of brain aetivity is taken as 
a elinieal eriterion of death even when other organs ofthe body 
are still functioning. With its hundreds of neural pools and tril- 
lions of synapses, the brain performs sophistieated tasks beyond 
our present understanding. Still, all of our mental functions, no 
matter how complex, are ultimately based on the cellular aetivi- 
ties deseribed in ehapter 13. The relationship of the mind or per- 
sonality to the cellular function of the brain is a question that 
will provide fertile ground for seientifie study and philosophieal 
debate long into the future. 

This ehapter is a study of the brain and the eranial nerves 
direetly eonneeted to it. Here we will plumb some of the mysteries 
of motor eontrol, sensation, emotion, thought, language, person- 
ality, memory, dreams, and plans. Your study of this ehapter is 
one brain’s attempt to understand itself. 



O ve rvi e w 
of the Brain 


Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the major subdivisions and anatomieal 
landmarks of the brain; 

b. state the loeations of the gray and white matter of the 
brain; 

e. deseribe the meninges of the brain; 

d. deseribe the system of fluid-filled ehambers within the 
brain; 

e. discuss the production, flow, and function of the 
eerebrospinal fluid in these ehambers; and 

f. explain the signifieanee of the brain barrier system. 


In the evolution of the eentral nervous system from the simplest 
vertebrate animals to humans, the spinal eord has ehanged very little 
while the brain has ehanged a great deal. In fishes and amphibians, 
the brain weighs about the same as the spinal eord, but in humans, it 
weighs 55 times as much. It averages about 1,600 g (3.5 pounds) in 
men and 1,450 g in women. The differenee in weight is proportional 
to body size, not intelligenee. The Neanderthal people had larger 
brains than modern humans do. 


The human brain has a high opinion of itself, often elaiming 
to be the most complex objeet in the known universe. Ours is the 
most sophistieated brain eompared to others in terms of aware- 
ness of the environment, adaptability to environmental variation 
and ehange, quick execution of complex deeisions, fine motor eon- 
trol and mobility of the body, and behavioral complexity. Over the 
course of human evolution, the brain has shown its greatest growth 
in areas eoneerned with vision, memory, eognition, and motor eon- 
trol of the prehensile hand. 

Major Landmarks 

Before we eonsider the form and function of speeifie regions of the 
brain, it will help to get a general overview of its major landmarks 
(figs. 15.1 and 15.2). These will provide important points of refer- 
enee as we progress through a more detailed study. 

Two direetional terms often used to deseribe brain anatomy are 

1 o 

rostral and caudal. Rostral means “toward the nose” and caudal 
means í4 toward the tailThese are apt deseriptions for an animal 
such as a laboratory rat, on which so much neuroscience researeh 
has been done. The terms are retained for human neuroanatomy as 
well, but in referenees to the human brain, rostral means toward 
the forehead and caudal means toward the spinal eord. In the 
spinal eord and brainstem, which are vertieally oriented, rostral 
means higher and caudal means lower. 

The brain is divided into three major portions—the eerebmm, 
cerebellum, and brainstem. The eerebmm (seh-REE-brum or 
SER-eh-brum) constitutes about 83% of the brain’s volrnne and 
eonsists of a pair of half globes ealled the eerebral hemispheres. 
Eaeh hemisphere is marked by thiek folds ealled gyri * 2 3 (JY-rye; sin- 
gular, gyrus ) separated by shallow grooves ealled sulci 4 (SUL-sye; 
singular, sulcus). A very deep groove, the longitudinal fissure, 
separates the right and left hemispheres from eaeh other. At the 
bottom of this fissure, the hemispheres are eonneeted by a thiek 
bundle of nerve fibers ealled the corpus callosum 5 —a prominent 
landmark for anatomieal deseription (fig. 15.2). 

The eerebelhim 6 (SER-eh-BEL-um) lies inferior to the eerebmm 
in the posterior eranial fossa, and is separated from the eerebram by 
the transverse eerebral fissure. It is also marked by gyri, sulci, 
and fissures. The cerebellum is the seeond-largest region of the 
brain, constituting about 10% of the brain’s volume but eontaining 
over 50% of its neurons. 

The third major part of the brain is the brainstem, the smallest of 
all and yet least dispensable to survival. Because it has such funda- 
mental life-support functions, strokes and injuries in the brainstem 
are more likely to be fatal than eomparable injuries to the eerebram 
or cerebellum. Authorities differ on how they define brainstem. This 
book treats it as that which remains of the brain if the eerebram and 
cerebellum are removed. Its major eomponents, from rostral to cau- 
dal, are the dieneephalon, midbrain, pons, and medulla oblongata. 


Vosír = nose 

2 coud = tail 

3 gyr = turn, tvvist 

4 sulc = furrow, groove 

3 corpus = body; eoll = thiek 

6 cereb = brain; ellum = little 
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Figure 15.1 Surface Anatomy of the Brain. (a) Superior view of the eerebral hemispheres. (b) Left lateral view. (e) The partially disseeted brain of 
a eadaver. Part of the left hemisphere is cut away to expose the insula. The araehnoid mater is removed from the anterior (rostral) half of the brain to 
expose the gyri and sulci; the araehnoid mater with its blood vessels is seen on the posterior (caudal) half. Blood vessels of the brainstem are left in 
plaee. 

After studying the meninges, determine vvhieh ofthe three hod to be removed to expose ony ofthe onotomy visible in port (e). APR 
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Figure 15.2 Medial Aspeet of the Brain. (a) Median seetion, left lateral view. (b) Median seetion of the eadaver brain. APIR 


© McGraw-Hill Education/Dennis Strete, photographer 





























































































































402 


part three Integration and Control 


The most eommon alternative definition includes only the last three 
of these. In a living person, the brainstem is oriented like a vertieal 
stalk with the eerebmm perehed on top of it like a mushroom eap. 
Postmortem ehanges give it a more oblique angle in the eadaver and 
consequently in many medieal illustrations. Caudally, the brainstem 
ends at the foramen magnum of the skull, and the eentral nervous 
system (CNS) continues below this as the spinal eord. 

Gray and White Matter 

The brain, like the spinal eord, eonsists of gray and white matter. 
Gray matter, the site of the neurosomas, dendrites, and synapses, 
forms a surface layer ealled the cortex over the cerebrum and eer- 
ebellum, and deeper masses ealled nuclei surrounded by white 
matter (see fig. 15.4c). The white matter thus lies deep to the eorti- 
eal gray matter in most of the brain, opposite from the relationship 
of gray and white matter in the spinal eord. As in the spinal eord, 
the white matter is eomposed of traets, or bundles of axons, which 
here eonneet one part of the brain to another and to the spinal eord. 
It gets its bright white eolor from myelin. The traets are deseribed 
later in more detail. 

Meninges 

The brain is enveloped in three membranes, the meninges, which lie 
between the nervous tissue and bone. As in the spinal eord, these 
are the dura mater, araehnoid mater, and pia mater (fig. 15.3). They 


proteet the brain and provide a structural framework for arteries, 
veins, and diiral sinuses. In the eranial eavity, the dura mater eon- 
sists of two layers—an outer periosteal layer, equivalent to the peri- 
osteum of the eranial bones, and an inner meningeal layer. Only the 
meningeal layer continues into the vertebral eanal, where it forms 
the dural sheath around the spinal eord. The eranial dura mater lies 
elosely against the eranial bone, with no intervening epidural spaee 
like the one in the vertebral eanal. It is attaehed to the eranial bone 
in limited plaees—around the foramen magnum, the sella turcica, 
the erista galli, and the sutures of the skull. 

In some plaees, the two layers of dura are separated by dural 
sinuses, spaees that eolleet blood that has circulated through the 
brain. Two major dural sinuses are the superior sagittal sinus, 
found just under the cranium along the midsagittal line, and the 
transverse sinus, which runs horizontally from the rear of 
the head toward eaeh ear. These sinuses meet like an inverted T 
at the baek of the brain and ultimately empty into the internal 
jugular veins of the neek. The anatomy of the dural sinuses is 
detailed in ehapter 21. 

In eertain plaees, the meningeal layer of the dura mater folds 
inward to separate major parts of the brain from eaeh other: The 
fah 1 eerebri (falks SER-eh-bry) extends into the longitudinal fissure 
as a vertieal wall between the right and left eerebral hemispheres, 
and is shaped like the curved blade of a siekle; the tentorium 7 8 


7 falx = siekle 

8 tentorium = tent 


Skiill 
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Figure 15.3 The Meninges of the Brain. Frontal seetion of the head. 
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(ten-TOE-ree-um) eerebelli stretehes horizontally like a roof over 
the posterior eranial fossa and separates the cerebellum from the 
overlying eerebmm; and the vertieal falx eerebelli partially sepa- 
rates the right and left halves of the cerebellum on the inferior 
side. 


The araehnoid mater and pia mater are similar to those of the spinal 
eord. The araehnoid mater is a transparent membrane over the brain 
surface, visible in the caudal half of the eerebmm in figure 15.le. 
A subarachnoid spaee separates the araehnoid from the pia, and 
in some plaees, a subdural spaee separates the dura from the 
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Figure 15.4 Ventrieles of the Brain. (a) Right lateral view. (b) Anterior view. (e) Superior view of a horizontal seetion of the eadaver brain, 
showing the lateral ventrieles and some other features of the cerebrum. AP! 
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DEEPER INSIGHT 



Meningitis 

Meningitis —inflammation of the meninges—is one of the most 
serious diseases of infaney and ehildhood. It occurs espeeially 
between 3 months and 2 years of age. Meningitis is caused by a 
variety of baeteria and viruses that invade the CNS by way of the 
nose and throat, often following respiratory, throat, or ear infee- 
tions. The pia mater and araehnoid are most often affeeted, and 
from here the infeetion ean spread to the adjaeent nervous tis- 
sue. Meningitis ean cause swelling of the brain, eerebral hemor- 
rhaging, and sometimes death within mere hours of the onset 
of symptoms. Signs and symptoms include high fever, stiff neek, 
drowsiness, intense headaehe, and vomiting. 

Baeterial meningitis is diagnosed partly by examining the 
eerebrospinal fluid (CSF) for baeteria and white blood eells. 
The CSF is obtained by making a lumbar puncture (spinai tap) 
between two lumbar vertebrae and drawing fluid from the sub- 
araehnoid spaee (see Deeper Insight 14.1, p. 375). 

Death from meningitis ean occur so suddenly that infants and 
ehildren with a high fever should reeeive immediate medieal atten- 
tion. Freshman eollege students show a slightly elevated inei- 
denee of meningitis, espeeially those living in crowded dormitories 
ratherthan off campus. 


araehnoid. The pia mater is a very thin, delieate membrane that 
elosely follows all the contours of the brain surface, even dipping 
into the sulci. It is not usually visible without a mieroseope. 


Ventrieles and Oerebrospinal Fluid 

The brain has four internal ehambers ealled ventrieles. The largest 
are the two lateral ventrieles, which form an are in eaeh eerebral 
hemisphere ( fig. 15.4). Through a pore ealled the interventricular 
foramen, eaeh lateral ventriele is eonneeted to the third ventriele, 
a narrow median spaee inferior to the corpus callosum. From here, 
a eanal ealled the eerebral aqueduct passes down the eore of 
the midbrain and leads to the fourth ventriele, a small triangular 
ehamber between the pons and eerebelhim (see fig. 15.2). Cau- 
dally, this spaee narrows and forms a eentral eanal that extends 
through the medulla oblongata into the spinal eord. 

On the floor or wall of eaeh ventriele, there is a spongy mass 
of blood eapillaries ealled a ehoroid (CO-royd) plexus (fig. 15.4c), 
named for its histologieal resemblanee to the ehorion of a fetus. 
Ependymal eells, a type of neuroglia, eover eaeh ehoroid plexus, the 
entire interior surface of the ventrieles, and the eanals of the brain 
and spinal eord. The ehoroid plexuses produce eerebrospinal fluid. 

Cerebrospinal fluid (CSF) is a elear, eolorless liquid that fills 
the ventrieles and eanals of the CNS and bathes its external surface. 
The brain produces about 500 mL of CSF per day, but the fluid is 
eonstantly reabsorbed at the same rate and only 100 to 160 mL is 
present at one time. About 40% of it is formed in the subarachnoid 
spaee external to the brain, 30% by the general ependymal lining of 
the brain ventrieles, and 30% by the ehoroid plexuses. CSF forma- 
tion begins with the filtration of plasma through the blood eapillaries 


of the brain. The ependymal eells ehemieally modify the filtrate as 
it passes through them into the ventrieles and subarachnoid spaee. 

The CSF is not a stationary fluid but continually flows through 
and around the CNS, driven by its own pressure, by beating of the 
eilia on the ependymal eells, and by rhythmie pulsations of the 
brain produced by eaeh heartbeat. The CSF seereted in the lat- 
eral ventrieles flows through the interventricular foramina into the 
third ventriele (fig. 15.5), then down the eerebral aqueduct to the 
fourth ventriele. The third and fourth ventrieles and their ehoroid 
plexuses add more CSF along the way. A small amount of CSF 
fills the eentral eanal of the spinal eord, but ultimately, all of it 
eseapes through three pores in the walls of the fourth ventriele: 
a median aperture and two lateral apertures. These lead into the 
subarachnoid spaee on the surface of the brain and spinal eord. 
CSF is absorbed from this spaee by araehnoid granulations, 
cauliflower-like extensions of the araehnoid meninx that protmde 
through the dura mater into the superior sagittal sinus of the brain. 
CSF penetrates the walls of the granulations and mixes with the 
blood in the sinus. 

Cerebrospinal fluid serves three purposes: 


1. Buoyancy. Because the brain and CSF are very similar 
in density, the brain neither sinks nor floats in the CSF. It 
hangs from delieate speeialized fibroblasts of the araehnoid 
meninx. A human brain removed from the body weighs about 
1,500 g, but when suspended in CSF, its effeetive weight is 
only about 50 g. By analogy, eonsider how much easier it is 
to lift another person when you are immersed in a lake than 

it is on land. This buoyancy effeet allows the brain to attain 
eonsiderable size without being impaired by its own weight. 

If the brain rested heavily on the floor of the cranium, the 
pressure would kill the nervous tissue. 

2. Proteetion. CSF also proteets the brain from striking the 
cranium when the head is jolted. If the jolt is severe, however, 
the brain still may strike the inside of the cranium or suffer 
shearing injury from eontaet with the angular surfaces of 

the eranial floor. This is one of the eommon findings in 
ehild abuse (shaken ehild syndrome) and in head injuries 
(concussions) from auto aeeidents, boxing, and the like. 

3. ehemieal stability. The flow of CSF rinses metabolie wastes 
from the nervous tissue and homeostatieally regulates its 
ehemieal environment. Slight ehanges in CSF eomposition ean 
cause malfunctions of the nervous system. For example, a high 
glyeine eoneentration dismpts the eontrol of temperature and 
blood pressure, and a high pH causes dizziness and fainting. 


Apply What You Know 

What effeet would you expect from a small brain tumor that 
bloeked the left interventricular foramen? 


Blood Supply and the Brain Barrier System 

Although the brain constitutes only 2% of the adult body weight, 
it reeeives 15% of the blood (about 750 mL/min.) and consumes 
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® CSF is seereted by 


ehoroid plexus in 
eaeh lateral ventriele. 



CSF flows through 
interventricular foramina 
into third ventriele. 


@ Choroid plexus in third 


ventriele adds more CSF. 


(4) CSF flows down eerebral 
aqueduct to fourth ventriele 


( 5 ) Choroid plexus in fourth 
ventriele adds more CSF. 



CSF flows out two lateral apertures 
and one median aperture. 


(7) CSF fills subarachnoid spaee and 
bathes external surfaces of brain 
and spinal eord. 



At araehnoid granulations, CSF 
is reabsorbed into venous blood 
of dural venous sinuses. 



Figure 15.5 The Flovvof eerebrospinal Fluid. 
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20% of the oxygen and glucose. But despite its eritieal importanee 
to the brain, blood is also a source of agents such as baeterial tox- 
ins and antibodies that ean harm the brain tissue. Damaged brain 
tissue is essentially irreplaeeable, and the brain therefore must be 
well proteeted. Consequently, there is a brain barrier system that 
strietly regulates what substances get from the bloodstream into 
the tissue fluid of the brain. 

One eomponent of this system is the blood-brain barrier 
(BBB), which seals nearly all of the blood eapillaries throughout 
the brain tissue. In the developing brain, astroeytes reaeh out and 
eontaet the eapillaries with their perivascular feet. They do not 
fully surround the eapillary, but stimulate the formation of tight 
junctions between the endothelial eells that line it. These junctions 
and the basement membrane around them constitute the BBB. 
Anything passing from the blood into the tissue fluid has to pass 
through the endothelial eells themselves, which are more seleetive 
than gaps between the eells ean be. 


At the ehoroid plexuses, there is a similar blood-CSF bar- 
rier, eomposed of ependymal eells joined by tight junctions. Tight 
junctions are absent from ependymal eells elsewhere, because it is 
important to allow exchanges between the brain tissue and CSF. 
That is, there is no brain-CSF barrier. 

The brain barrier system (BBS) is highly permeable to water; 
glucose; lipid-soluble substances such as oxygen and earbon diox- 
ide; and dmgs such as aleohol, eaffeine, nieotine, and anestheties. 
While the BBS is an important proteetive deviee, it is an obstaele 
to the delivery of drugs such as antibioties and eaneer drugs, and 
thus eomplieates the treatment of brain diseases. 

The BBB is absent from patehes ealled circumventricular 
organs (CVOs) on the walls of the third and fourth ventrieles. 
Here, the blood has direet aeeess to the brain tissue, enabling the 
brain to monitor and respond to fluctuations in blood ehemistry. 
Unfortunately, the CVOs also afford a route for the human immu- 
nodefieieney virus (HIV) to invade the brain. 
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part three Integration and Control 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. List the three major parts of the brain and deseribe their 
loeations. 

2. Define gyrus and sulcus. 

3. Name the parts of the brainstem from caudal to rostral. 

4. Name the three meninges from superficial to deep. 

5. Deseribe three functions of the eerebrospinal fluid. 

6 . Where does the CSF originate, and what route does it take 
through and around the CNS? 

7. Name the two eomponents of the brain barrier system and 
explain the importanee of this system. 



Hindbrain 

Midbrain 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. list the eomponents of the hindbrain and midbrain; 

b. deseribe the major features of their anatomy; and 

e. explain the functions of eaeh hindbrain and midbrain 
region. 


We will survey the functional anatomy of the brain in a caudal 
to rostral direetion, beginning with the hindbrain and its relatively 
simple functions, and progressing to the forebrain, the seat of 
such complex functions as thought, memory, and emotion. This 
survey will be organized around the five seeondary vesieles of 
the embryonie brain and their mature derivatives, as deseribed in 
ehapter 13. 


The Medulla Oblongata 

The embryonie hindbrain differentiates into two subdivisions, the 
myeleneephalon and meteneephalon (see fig. 13.14, p. 366). The myel- 
eneephalon gives rise to just one structure, the medulla oblongata 
(meh-DULL-uh OB-long-GAH-ta). 

The medulla begins at the foramen magnum of the skull and 
extends for 3 em rostrally, ending at a groove marking the boundary 
between medulla and pons. The medulla eontains all nerve fibers 
that travel between the brain and spinal eord. Four pairs of eranial 
nerves begin or end at nuclei in the medulla. The medulla also 
eontains several nuclei eoneerned with basie physiologieal func- 
tions: a eardiae eenter, which regulates the rate and foree of the 
heartbeat; a vasomotor eenter, which regulates blood pressure and 
flow by dilating and eonstrieting blood vessels; two respiratory 
eenters, which regulate the rate and depth of breathing; and others 


involved in speeeh, coughing, sneezing, salivation, swallowing, 
gagging, vomiting, and sweating. 

The external anatomy of the medulla oblongata is shown in 
figure 15.6. The anterior surface bears a pair of clublike ridges, 
the pyramids. Resembling side-by-side baseball bats, the pyra- 
mids are wider at the rostral end, taper caudally, and are separated 
by a longitudinal groove, the anterior median fissure, continuous 
with that of the spinal eord (fig. 15.6a). Lateral to eaeh pyramid 
is a prominent bulge ealled the olive. The posterior surface of the 
medulla exhibits two pairs of ridges, the graeile and cuneate faseie- 
uli, a continuation of the ones in the spinal eord (see pp. 377-378). 

Figure 15.7c shows some of the internal structure of the medulla 
oblongata. Cross seetions at other levels would reveal different 
structures, but in this representative seetion, we see the following: 

• The eortieospinal traets, seen anteriorly (at the bottom of the 
figure). These traets occupy the pyramids and eonsist of nerve 
fibers that deseend from the eerebral cortex earrying motor 
signals to the spinal eord. About 90% of these fibers eross 
over (decussate) to the opposite side of the brainstem at a 
point ealled the pyramidal decussation near the caudal end of 
the pyramids (fig. 15.6a). As a result, muscles below the neek 
are eontrolled by the eontralateral side of the brain. 

• The inferior olivary nucleus, a wavy layer of gray matter 
immediately posterior to eaeh eortieospinal traet, occupying 
the olive. This nucleus reeeives signals from many levels 

of the brain and spinal eord and relays them mainly to 
the cerebellum. 

• The reticular formation, a vaguely defined region of gray 
matter posterior to the inferior olivary nucleus. The reticular 
formation is an elongated body that begins in the upper spinal 
eord and aseends through the medulla, pons, and midbrain. It 
eonsists of numerous nuclei involved in many of the body’s 
most basie physiologieal functions, some of which are dis- 
cussed later in this ehapter. 

• The graeile and cuneate nuclei, where sensory fibers of the 
eorresponding fasciculi terminate. These fibers synapse here 
with seeond-order nerve fibers that decussate and form the 
ribbonlike medial lemniscus . 9 In the lemniscus, they eon- 
tinue up the brainstem to the thalamus, synapsing there with 
third-order neurons that eonvey the signals to the eerebmm 
and one’s conscious awareness. 

• The teetospinal traet, posterior to the medial lemniscus, 
earries motor signals on their way to the eervieal spinal eord. 
This traet mediates movements of the head and neek. 

• The posterior spinoeerebellar traet continues from the spi- 
nal eord into the posterolateral margins of the medulla. It ear- 
ries sensory information destined for the cerebellum. 

• The fourth ventriele is a CSF-filled spaee between the 
medulla and cerebellum (see fig. 15.2); the medulla forms its 
anterior boundary but does not eompletely eontain it. 

• Cranial nerves VIII, IX, X, and XII begin or end in the 
medulla oblongata. Their Latin names and individual func- 
tions are provided in table 15.3, starting on page 429. 


9 lemn = ribbon; iscus = little 
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Figure 15.6 The Brainstem. These illustrations are eolor-eoded to ^ ^ orso a era view 
mateh the embryonie origins in figure 13.14 (p. 366). The boundary 
between the middle and inferior eerebellar peduncles is indistinet. 

Authorities vary on whether to include the dieneephalon in the brainstem. AP! R 
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Figure 15.7 eross Seetions 

of the Brainstem. The level of 
eaeh seetion is shovvn in the figure 
on the right, and all seetions are 
shovvn vvith the posterior surface 
uppermost. (a) The midbrain, cut 
obliquely to pass through the 
superior colliculi. (b) The pons. 

The straight edges indieate cut 
edges of the peduncles vvhere the 
cerebellum vvas removed. (e) The 
medulla oblongata. 

• Troee the route token through 
oll three ofthese seetions by 
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At the level of the tissue seetion in figure 15.7c, we see the 
nuclei of two of these, the vagus (X) and hypoglossal (XII) 
nerves. The trigeminal nerve (V) emerges from the pons, but 
its nucleus extends into the medulla and is also visible in this 
figure. Collectively, the sensory functions of eranial nerves 
VIII to XII include touch, pressure, temperature, taste, hearing, 
and pain. Their motor functions include chewing; swallowing; 
speeeh; respiration; cardiovascular eontrol; gastrointestinal 
motility and seeretion; and head, neek, and shoulder movements. 


The Pons 

The meteneephalon develops into the pons and eerebelhim. The 
pons 10 measures about 2.5 em long. Most of it forms a broad ante- 
rior bulge in the brainstem just rostral to the medulla (fig. 15.6a). 
Posteriorly, the pons eonsists mainly of two pairs of thiek stalks 
ealled peduncles that attaeh it to the cerebellum (fig. 15.6b); these 
are the cut edges of the upper half of figure 15.7b. The pedun- 
eles are further deseribed with the cerebellum. The pons eontains 
several nuclei involved in basie physiologieal functions including 
sleep, respiration, and bladder eontrol. 

In eross seetion, the pons exhibits continuations of the reticular 
formation, medial lemniscus, and teetospinal traet, all mentioned 
previously, as well as the following: 

• Continuations of two spinal eord sensory traets deseribed 
in ehapter 14 —the anterolateral system, which eontains 
the spinothalamie traet en route to the thalamus, and the 
anterior spinoeerebellar traet, earrying signals en route to 
the cerebellum. 

• Cranial nerves V through VIII begin or end in the pons, 
although we see only V (the trigeminal nerve) at the level 
of the eross seetion in figure 15.7b. The other three nerves 
emerge from the groove between the pons and medulla (see 
fig. 15.23); nerve VIII has endings in both the medulla and 
pons. Their individual names and functions are provided in 
table 15.3. Collectively, the sensory functions of these four 
nerves include hearing, equilibrium, taste, and faeial sensa- 
tions such as touch and pain. Their motor functions include 
eye movements, faeial expressions, chewing, swallowing, and 
the seeretion of saliva and tears. 

• Traets of white matter in the anterior half of the pons (lower 
half of the figure), including transverse faseieles that eross 
from left to right and eonneet the two hemispheres of the eere- 
bellum, and longitudinal faseieles that course up and down the 
pons earrying signals aseending to the thalamus and signals 
deseending from the eerebmm to the eerebelhim and medulla. 

• Part of the fourth ventriele is seen bordered by the pons, the 
tail-like vermis of the cerebellum, and the superior eerebellar 
peduncles. 

Even though the cerebellum is part of the meteneephalon, 
it is not part of the brainstem. It will be elearer to continue this 
brainstem discussion with the midbrain and then return to the 
cerebellum. 


10 pons = bridge 


The Midbrain 

The embryonie meseneephalon produces just one mature brain 
structure, the midbrain —a short segment of the brainstem that eon- 
neets the hindbrain and forebrain (see fig. 15.2). The midbrain, too, 
eontains continuations of the reticular formation and medial lemnis- 
cus. The eerebral aqueduct—the ehannel eonneeting the third ven- 
triele to the fourth—passes through the midbrain and furnishes a 
useful landmark in figure 15.7a. Relative to the aqueduct, this eross 
seetion of the midbrain exhibits the following structures: 


The eentral (periaqueductal) gray matter, a region of gray 
matter surrounding the aqueduct. This functions with the 
reticular formation in eontrolling our awareness of pain (see 
ehapter 17). 

The tectum, n a rooflike region posterior to the aqueduct. The 
tectum exhibits four bulges eolleetively ealled the eorpora 
quadrigemina 12 —a rostral pair ealled the superior colliculi 
and a caudal pair ealled the inferior colliculi (fig. 15.6b). The 
superior colliculi 13 (col-LIC-you-lye) function in visual atten- 
tion, such as visually traeking moving objeets and reflexively 
turning the eyes and head in response to a visual stimulus— 
for example, to look at something you eateh sight of in your 
peripheral vision. The inferior colliculi reeeive and proeess 
auditory input from lower levels of the brainstem and relay it 
to other parts of the brain, espeeially the thalamus. They are 
sensitive to time delays between sounds heard by the two ears 
and thus aid in loeating the source of a sound in spaee, and 
they function in auditory reflexes such as turning the head 
toward a sound and the startle response to a loud noise. 

The tegmentum, 14 the main mass of the midbrain, loeated 
anterior to the aqueduct. The tegmentum eontains the red 
nucleus, named for the pink eolor it gets from a high density 
of blood vessels. Fibers from the red nucleus form the rubro- 
spinal traet in most mammals, but in humans its eonneetions 
go mainly to and from the cerebellum, with which it eollabo- 
rates in fine motor eontrol. 

The substantia nigra 15 (sub-STAN-she-uh NY-gmh), a dark 
gray to blaek nucleus pigmented with melanin, loeated between 
the tegmentum and eerebral emra (discussed next). This is a 
motor eenter that relays inhibitory signals to the thalamus and 
basal nuclei (both discussed later). It improves motor perfor- 
manee by suppressing unwanted muscle eontraetions. Degener- 
ation of the substantia nigra leads to the uncontrollable muscle 
tremors of Parkinson disease (see p. 439). 

The eerebral crura (CROO-ra; singular, crus 16 ), which 
anehor the eerebmm to the brainstem. The emra, tegmentum, 
and substantia nigra eolleetively form the eerebral peduncle. 
Corticospinal and other traets from the eerebmm deseend 
through the emra on their way to lower levels of the brain- 
stem and spinal eord. 


11 tectum = roof, eover 

u corporo = bodies; quodrigemino = quadruplets 
13 co/// = hill; cul = little 
H tegmen = eover 

15 substontio = substance; nigro = blaek 
16 cms = leg 
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Figure 15.8 The Reticular Formation. The formation eonsists of over 
100 nuclei seattered through the brainstem. Red arrovvs indieate routes of 
input to the reticular formation; blue arrovvs indieate the radiating relay 
of signals from the thalamus to the eerebral cortex; and green arrovvs 
indieate output from the reticular formation to the spinal eord. 

Loeote eomponents ofthe reticulor formotion in oll three ports of 
figure 15.7. 


• Cranial nerves III and IV, both eoneerned with eye move- 
ments, originate in the midbrain; only III (the oculomotor 
nerve) is visible at the level of the seetion in figure 15.7a. 

This figure also shows the medial geniculate nucleus, but this is 
part of the thalamus, not the midbrain. It just happens to lie in the 
plane of this seetion. The superior eerebellar peduncles eonneet to 
the midbrain, but are not seen at this level. 


The Reticular Formation 


The reticular 17 formation is a loosely organized web of gray mat- 
ter that mns vertieally through all levels of the brainstem and has 
eonneetions with many areas of the eerebmm (fig. 15.8). It occu- 
pies much of the spaee between the white fiber traets and the more 
anatomieally distinet brainstem nuclei. It eonsists of more than 100 
small neural networks without well-defined boundaries. The func- 
tions of these networks include the following: 


• Somatie motor eontrol. Some motor neurons of the eerebral 
cortex and cerebellum send their axons to reticular formation 
nuclei, which then give rise to the reticulospinal traets of the 


v ret = netvvork; icul = little 


spinal eord. These traets adjust muscle tension to maintain 
tone, balanee, and posture, espeeially during body move- 
ments. The reticular formation also relays signals from the 
eyes and ears to the eerebelhim so the eerebelhim ean inte- 
grate visual, auditory, and vestibular (balanee and motion) 
stimuli into its role in motor eoordination. Other reticular 
formation motor nuclei include gaze eenters, which enable 
the eyes to traek and fixate on objeets, and eentral pattern 
generators —neural pools that produce rhythmie signals to the 
muscles of breathing and swallowing. 

Cardiovascular eontrol. The reticular formation includes the 
previously mentioned eardiae and vasomotor eenters of the 
medulla oblongata. 

Pain modulation. The reticular formation is one route by 
which pain signals from the lower body reaeh the eerebral 
cortex. It is also the origin of the deseending analgesie fibers 
discussed in ehapter 17 (p. 466). The nerve fibers in these 
pathways aet in the spinal eord to bloek the transmission of 
pain signals to the brain. 

Sleep and consciousness. The reticular formation has projee- 
tions to the eerebral cortex and thalamus that allow it some 
eontrol over what sensory signals reaeh the eerebmm and 
eome to our conscious attention. It plays a eentral role in 
states of consciousness such as alertness and sleep. Injury to 
the reticular formation ean result in irreversible eoma. 
Habituation. This is the proeess in which the brain learns 
to ignore repetitive, inconsequential stimuli while remaining 
sensitive to others. In a noisy eity, for example, a person ean 
sleep through traffie sounds but wake promptly to the sound 
of an alarm eloek or a erying baby. The reticular formation 
sereens out insignifieant stimuli, preventing them from arous- 
ing eerebral eenters of consciousness while it permits impor- 
tant or unusual sensory signals to pass. Reticular formation 
nuclei that modulate aetivity of the eerebral cortex are ealled 
the reticular aetivating system or extrathalamic eortieal mod- 
ulatory system. 


The Cerebellum 

The cerebellum is the largest part of the hindbrain and seeond- 
largest part of the brain as a whole. It eonsists of right and left 
eerebellar hemispheres eonneeted by a narrow wormlike bridge, 
the vermis 18 (fig. 15.9). Eaeh hemisphere exhibits slender, parallel 
folds ealled folia 19 separated by shallow sulci. The cerebellum has 
a surface cortex of gray matter and a deeper layer of white matter. 
In a sagittal seetion, the white matter shows a branehing fernlike 
pattern ealled the arbor vitae. 20 Eaeh hemisphere also has four 
masses of gray matter ealled deep nuclei embedded in the white 
matter. All eerebellar input goes to the cortex and all output eomes 
from the deep nuclei. 

The cerebellum is eonneeted to the brainstem by three pairs of 
stalks ealled eerebellar peduncles 21 (peh-DUN-culs): Two inferior 


}Q verm = vvorm 
19 fo// = leaf 

20 arbor = tree; vitae = of life 
21 pec/ = foot; unde = little 
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Figure 15.9 The Cerebellum. (a) Median seetion, shovving relationship to the brainstem. (b) Superior vievv. 



pedmeles eonneet it to the medulla oblongata, two middle pedun- 
eles to the pons, and two superior peduncles to the midbrain (see 
fig. 15.6b). These eonsist of thiek bundles of nerve fibers that earry 
signals into and out of the cerebellum. Connections between the eer- 
ebellum and brainstem are complex, but overlooking some exceptions, 
we ean draw a few generalizations. Most spinal input to the cerebellum 
eomes from the spinoeerebellar traets and travels through the inferior 
peduncles; input from the rest of the brain enters by way of the middle 
peduncles; and the superior peduncles earry most eerebellar output. 

The cerebellum monitors body movements by means of infor- 
mation eoming from the muscles and joints via the spinoeerebellar 
traets (fig. 15.10a). The middle peduncles earry signals from the 
eerebmm about what the muscles were eommanded to do, enabling 
the cerebellum to eompare the eommand with the performanee. 
These peduncles also earry information from the eyes and ears for 
hearing and the pereeption of body position and movement. Output 
through the superior peduncles leads to various points in the mid- 
brain and thalamus. The thalamus relays eerebellar signals to the 


eerebral cortex so that the eerebmm ean make fine adjustments in 
muscle performanee (fig. 15.10b). 

Although it is only 10% of the mass of the brain, the eerebel- 
lum has about 60% as much surface area as the eerebral cortex and 
eontains more than half of all brain neurons—about 100 billion of 
them. Its tiny, densely spaeed granule eells are the most abundant 
neurons in the entire brain. Its most distinetive neurons, however, 
are the large globose Purkinje 22 (pur-KIN-jee) eells. These have a 
tremendous profusion of dendrites eompressed into a single plane 
like a flat tree (see fig. 13.5 top panel, p. 356, and the photograph 
on p. 351). Purkinje eells are arranged in single file, with these 
thiek dendritie planes parallel to eaeh other like books on a shelf. 
Their axons travel to the deep nuclei, where they synapse on output 
neurons that issue fibers to the brainstem. 

The function of the eerebelhim was unknown in the 1950s. 
By the 1970s, it had eome to be regarded as a eontrol eenter of 


22 Johannes E. von Purkinje (1787-1869), Bohemian anatomist 
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(a) lnput to cerebellum 
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(b) Output from cerebellum 
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Figure 15.10 Prineipal Pathways of Cerebellar lnput and Output. (a) Afferent pathways sending input to the cerebellum. (b) Efferent pathways 
sending output from the cerebellum to the eerebmm and muscles. 
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TABLE 15.1 Hindbrain and Midbrain Functions 


Medulla oblongata 


Pons 


Midbrain 


Reticular formation 


Cerebellum 


Origin or termination of eranial nerves IX, X, and XII and some fibers of VIII. Sensory nuclei reeeive input from the 
taste buds, pharynx, and thoraeie and abdominal viseera. Motor nuclei include the eardiae eenter (adjusts the rate and 
foree of the heartbeat), vasomotor eenter (eontrols blood vessel diameter and blood pressure), two respiratory eenters 
(eontrol the rate and depth of breathing), and eenters involved in speeeh, coughing, sneezing, salivation, swallowing, 
gagging, vomiting, sweating, gastrointestinal seeretion, and movements of the tongue and head. 

Sensory terminations and motor origins of eranial nerves V-VII and some fibers of VIII. Sensory nuclei reeeive 
input from the faee, eyes, oral and nasal eavities, sinuses, and meninges, eoneerned with pain, touch, temperature, 
taste, hearing, and equilibrium. Cranial nerve motor nuclei eontrol chewing, swallowing, eye movements, middle- 
and inner-ear reflexes, faeial expression, and seeretion of tears and saliva. Other nuclei of pons relay signals from 
cerebrum to cerebellum (provide most of the input to the cerebellum) or function in sleep, respiration, bladder 
eontrol, and posture. 

Origin of eranial nerves III—IV (eoneerned with eye movements). Red nucleus is eoneerned with fine motor eontrol. 
Substantia nigra relays inhibitory signals to thalamus and basal nuclei of forebrain. Central gray matter modulates 
awareness of pain. Superior colliculi are eoneerned with visual attention and traeking movements of eyes, and visual 
reflexes such as shifting gaze to objeets seen moving in peripheral vision. Inferior colliculi relay auditory signals to 
thalamus and mediate auditory reflexes such as the startle response to a loud noise. 

A network of over 100 nuclei extending throughout brainstem, including some nuclei deseribed earlier in this table. 
Involved in somatie motor eontrol, equilibrium, visual attention, breathing, swallowing, cardiovascular eontrol, pain 
modulation, sleep, and consciousness. 

Muscular eoordination, fine motor eontrol, muscle tone, posture, equilibrium, judging passage of time; some 
involvement in emotion, proeessing taetile input, spatial pereeption, and language. 


motor eoordination. Now, however, positron emission tomogra- 
phy (PET), functional magnetie resonanee imaging (fMRI), and 
behavioral studies of people with eerebellar lesions have ereated a 
much more expansive view of eerebellar function. It appears that 
the main role of the cerebellum is the subconscious evaluation 
of diverse kinds of sensory input; monitoring the movements of 
muscles is only a part of that general role. People with eerebellar 
lesions exhibit serious defieits in loeomotor ability, but also in sev- 
eral sensory, linguistic, emotional, eognitive, and other nonmotor 
functions. More will be said of these later in the ehapter. 

Table 15.1 summarizes the hindbrain and midbrain functions 
discussed in the last several pages. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

8 . Name several functions eontrolled by nuclei of the medulla. 

9. Deseribe the anatomieal and functional relationship of the 
pons to the cerebellum. 

10. What are the functions of the eorpora quadrigemina, sub- 

stantia nigra, and eentral gray matter? 

11. Deseribe the reticular formation and list several of its 
functions. 

12. Deseribe the general functions of the cerebellum. 




The Forebrain 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. name the three major eomponents of the 
dieneephalon and deseribe their loeations and 
functions; 

b. loeate the five lobes of the eerebmm and identify their 
functions; 

e. deseribe the three types of traets in the eerebral vvhite 
matter; 

d. deseribe the distinetive eell types and histologieal 
arrangement of the eerebral cortex; and 

e. discuss the loeations and functions of the basal nuclei 
and limbie system. 


The forebrain eonsists of the dieneephalon and eerebmm. As noted 
earlier, some authorities treat the dieneephalon as the most rostral 
part of the brainstem, while others exclude it from the brainstem. 

The Dieneephalon 

The embryonie dieneephalon has three major derivatives: the thal- 
amus, hypothalamus, and epithalamus. These structures surround 
the third ventriele of the brain. 
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The Thalarrms 

Eaeh side of the brain has a thalamus, 23 an ovoid mass perehed 
at the superior end of the brainstem beneath the eerebral hemi- 
sphere (see figs. 15.4c, 15.6, and 15.15). The thalami constitute 
about four-fifths of the dieneephalon. They protmde medially 

23 thalamus = ehamber, inner room 


into the third ventriele and laterally into the lateral ventrieles. In 
about 70% of people, the two thalami are joined medially by a 
narrow intermediate mass. 

The thalamus is eomposed of at least 23 nuclei, but we will eon- 
sider only five major functional groups into which most of these are 
elassified: the anterior, medial, ventral, lateral, and posterior groups. 
These regions and their functions are shown in figure 15.1 la. 
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Figure 15.11 The Dieneephalon. Only some of the nuclei of the thalamus and hypothalamus are shown, and some of their functions listed. These 
lists are by no means eomplete. The third eomponent of the dieneephalon, the epithalamus, is not shown here; see figure 15.2a. APIR 
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Generally speaking, the thalamus is the “gateway to the eere- 
bral cortex.” Nearly all sensory input and other information going 
to the eerebmm passes by way of synapses in the thalamie nuclei, 
including signals for taste; smell; hearing; equilibrium; vision; and 
such somatosensory functions as touch, pain, pressure, heat, and 
eold. The thalamie nuclei filter this information and relay only a 
small portion of it to the eerebral cortex. 

The thalamus also plays a key role in motor eontrol; it relays 
signals from the cerebellum to the cerebrum and provides feedbaek 
loops between the eerebral cortex and basal nuclei (deep eerebral 
motor eenters). Finally, the thalamus is involved in the memory 
and emotional functions of the limbie system, a complex of struc- 
tures that includes the eerebral cortex of the temporal and frontal 
lobes and some of the anterior thalamie nuclei. The role of the 
thalarmis in motor and sensory circuits is further discussed later in 
this ehapter and in ehapter 17. 


The Hypothalamus 

The hypothalamus forms part of the walls and floor of the third ven- 
triele. It extends anteriorly to the optie ehiasm (ky-AZ-um), where the 
optie nerves meet, and posteriorly to and including a pair of humps 
ealled the mammillary 24 bodies (see fig. 15.2a). The mammillary 
bodies eaeh eontain three to four mammillary nuclei. Their primary 
function is to relay signals from the limbie system to the thalaimis. 
The pituitary gland is attaehed to the hypothalamus by a stalk ( infirn- 
dibulum) between the optie ehiasm and mammillary bodies. 

The hypothalamus is the major eontrol eenter of the autonomic 
nervous system and endoerine system and plays an essential role 
in the homeostatie regulation of nearly all organs of the body. Its 
nuclei include eenters eoneerned with a wide variety of viseeral 
functions (fig. 15.1 lb): 


• Hormone seeretion. The hypothalamus seeretes hormones 
that eontrol the anterior pituitary gland. Aeting through the 
pituitary, it regulates growth, metabolism, reproduction, 
and stress responses. It also produces two hormones that are 
stored in the posterior pituitary gland— oxytocin eoneerned 
with labor eontraetions, laetation, and emotional bonding, 
and antidiuretic hormone eoneerned with water eonservation. 
It sends nerve signals to the posterior pituitary to stimulate 
release of these hormones at appropriate times. 

• Autonomic effeets. The hypothalamus is a major integrating 
eenter for the autonomic nervous system. It sends deseending 
fibers to nuclei lower in the brainstem that influence heart 
rate, blood pressure, pupillary diameter, and gastrointestinal 
seeretion and motility, among other functions. 

• Thermoregulation. The hypothalamie thermostat eonsists of 
a eolleetion of neurons, eoneentrated espeeially in the preop- 
tie nucleus, that monitor body temperature. When the body 
temperature deviates too much from normal, this eenter aeti- 
vates either a heat-loss eenter in the anterior hypothalamus or 
a heat-promoting eenter near the mammillary bodies in the 
posterior hypothalamus. Those eenters aetivate meehanisms 
for raising or lowering the body temperature—shivering, 
sweating, or cutaneous vasoeonstrietion or vasodilation. 


24 mammill = nipple, little breast 


• Food and water intake. The hypothalamus regulates sensa- 
tions of hunger and satiety. One nucleus in particular, the 
arcuate nucleus, has reeeptors for hormones that regulate 
short-term appetite and long-term body mass. Hypothalamie 
neurons ealled osmoreeeptors monitor the osmolarity of the 
blood and stimulate water-seeking and drinking behavior 
when the body is dehydrated. Thus, our drives to eat and 
drink are under hypothalamie eontrol. 

• Sleep and eireadian rhythms. The caudal part of the hypo- 
thalamus is part of the reticular formation. It eontains nuclei 
that regulate the rhythm of sleep and waking. Superior to the 
optie ehiasm, the hypothalamus eontains a suprachiasmatic 
nucleus that eontrols our 24-hour ( eireadian) rhythm of aetivity. 

• Emotional and sexual responses. The hypothalamus eon- 
tains nuclei for a variety of emotional responses including 
anger, aggression, fear, pleasure, and eontentment; and for 
sexual drive, copulation, and orgasm. The mammillary bod- 
ies provide a pathway by which emotional states ean affeet 
viseeral function—for example, when anxiety aeeelerates the 
heart or upsets the stomaeh. 

• Memory. In addition to their role in emotional circuits, the 
mammillary bodies lie in the pathway from the hippocampus 
to the thalamus. The hippocampus is a eenter for the ereation 
of new memories—the eerebmm’s “teaeher”—so as interme- 
diaries between the hippocampus and eerebral cortex, the 
mammillary bodies are essential for the acquisition of new 
memories. 

The Epithalarrms 

The epithalamus eonsists mainly of the pineal gland (an endo- 
erine gland discussed in ehapter 18), the habenula (a relay from 
the limbie system to the midbrain), and a thin roof over the third 
ventriele (see fig. 15.2a). 


The Cerebrum 

The embryonie teleneephalon beeomes the eerebmm, the largest 
and most conspicuous part of the human brain. Your eerebmm 
enables you to turn these pages, read and eomprehend the words, 
remember ideas, talk about them with others, and take an examina- 
tion. It is the seat of sensory pereeption, vohmtary motor aetions, 
memory, and mental proeesses such as thought, judgment, and 
imagination, which most distinguish humans from other animals. 
It is the most complex and ehallenging frontier of neurobiology. 


Gross Anatomy 

The cerebrum so dwarfs and eoneeals the other structures that 
people often think of “eerebmm” and “brain” as synonymous. Its 
major anatomieal landmarks were deseribed on page 399 and should 
be reviewed if neeessary (see figs. 15.1 and 15.2)—espeeially the 
two eerebral hemispheres, separated by the longitudinal fissure but 
eonneeted by a prominent fiber traet, the corpus callosum; and the 
conspicuous wrinkles, or gyri, of eaeh hemisphere, separated by 
grooves ealled sulci. The folding of the eerebral surface into gyri 
allows a greater amount of cortex to fit in the eranial eavity. The gyri 

r\ 

give the eerebmm a surface area of about 2,500 em , eomparable 
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to 4.5 pages of this book. If the eerebmm had a smooth surface, it 
would have only one-third as much area and proportionately less 
information-proeessing eapability. This extensive folding is one of 
the greatest differenees between the human brain and the relatively 
smooth-surfaced brains of most other mammals. 

Some gyri have eonsistent and predietable anatomy; others 
vary from brain to brain and from the right hemisphere to the left. 
Certain unusually prominent sulci divide eaeh hemisphere into 
five anatomieally and functionally distinet lobes, listed next. The 
first four of these are visible superficially and are named for the 
eranial bones overlying them (fig. 15.12); the fifth lobe is not vis- 
ible from the surface. 

1. The frontal lobe lies immediately behind the frontal bone, 
superior to the eyes. From the forehead, it extends caudally 
to a wavy vertieal groove, the eentral sulcus. It is eoneerned 
with eognition (thought) and other higher mental proeesses, 
speeeh, and motor eontrol. 

2. The parietal lobe forms the uppermost part of the brain and 
underlies the parietal bone. Starting at the eentral sulcus, it 
extends caudally to the parieto-oeeipital sulcus, visible on 
the medial surface of eaeh hemisphere (see fig. 15.2). It is 
the primary site for reeeiving and interpreting signals of the 
general senses deseribed later in this ehapter; taste (one of the 
speeial senses ); and some visual proeessing. 

3. The oeeipital lobe is at the rear of the head, caudal to the 
parieto-oeeipital sulcus and underlying the oeeipital bone. It 
is the prineipal visual eenter of the brain. 

4. The temporal lobe is a lateral, horizontal lobe deep to the 
temporal bone, separated from the parietal lobe above it by a 
deep lateral sulcus. Among its functions are hearing, smell, 
learning, memory, and some aspeets of vision and emotion. 


Rostral 


5. The insula 25 is a small mass of cortex deep to the lateral 
sulcus, made visible only by retraeting or cutting away some 
of the overlying eerebmm (see figs. 15.le, 15.4c, and 15.15). 
It is less understood than the other lobes because it is less 
aeeessible to testing in living subjects, but it apparently 
plays roles in taste, viseeral sensation, and understanding 
spoken language. 

The Cerebral White Matter 

Most of the vohime of the eerebmm is white matter. This is eom- 
posed of glia and myelinated nerve fibers that conduct signals from 
one region of the eerebmm to another and between the eerebmm 
and lower brain eenters. These fibers travel in bundles ealled traets. 
There are three types of eerebral traets (fig. 15.13): 

1. Projeetion traets extend vertieally between higher and lower 
brain or spinal eord eenters and earry information between 
the eerebmm and the rest of the body. The eortieospinal 
traets, for example, earry motor signals from the eerebmm 

to the brainstem and spinal eord. Other projeetion traets 
earry signals upward to the eerebral cortex. Superior to the 
brainstem, such traets form a dense band ealled the internal 
capsule between the thalamus and basal nuclei, then radiate 
in a diverging, fanlike array (the eorona radiata 26 ) to speeifie 
areas of the cortex. 

2. Commissural traets eross from one eerebral hemisphere 
to the other through bridges ealled commissures (COM- 
ih-shurs). The great majority of commissural fibers pass 
through the corpus callosum. A few pass through the much 


25 insulo = island 

26 corona = crown; rodioto = radiating 
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Figure 15.12 Lobes of the Cerebrum. The frontal and temporal lobes are retraeted slightly to reveal the insula. 
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Figure 15/13 Traets of Cerebral White Matter (a) Sagittal seetion, showing assoeiation (red) and projeetion (green) traets. (b) Frontal seetion, 
showing commissural (yellow) and projeetion traets. 


smaller anterior and posterior commissures (see fig. 15.2a). 
Commissural traets enable the two eerebral hemispheres to 
communicate with eaeh other. 

3 . Assoeiation traets eonneet different regions of the same 
hemisphere. Long assoeiationfibers eonneet different lobes to 
eaeh other, whereas short assoeiation fibers eonneet different 
gyri within a single lobe. Among their roles, assoeiation traets 
link perceptual and memory eenters of the brain; for example, 
they enable you to smell a rose, name it, and picture what it 
looks like. 


The Cerebral Cortex 

Neural integration is earried out in the gray matter of the eerebmm, 
which is found in three plaees—the eerebral cortex, basal nuclei, 

r\r-i 

and limbie system. The eerebral cortex is a layer about 2 to 3 mm 
thiek eovering the surface of the hemispheres. It constitutes about 


40% of the mass of the brain and eontains 14 to 16 billion neu- 
rons. It possesses two prineipal types of neurons ealled stellate and 
pyramidal eells (fig. 15.14). Stellate eells are anaxonic neurons with 
spheroidal somas and dendrites that projeet for short distanees in all 
direetions. They are eoneerned largely with reeeiving sensory input 
and proeessing information on a loeal level. Pyramidal eells are tall 
and eonieal (triangular in tissue seetions). Their apex points toward 
the brain surface and has a thiek dendrite with many branehes and 
small, knobby dendritie spines. The base gives rise to horizontally 
oriented dendrites and an axon that passes into the white matter. The 
axon also has eollaterals that synapse with other neurons in the eor- 
tex or in deeper regions of the brain. Pyramidal eells are the output 
neurons of the eerebmm—they are the only eerebral neurons whose 
fibers leave the cortex and eonneet with other parts of the CNS. 

About 90% of the human eerebral cortex is a six-layered tis- 
sue ealled neocortex because of its relatively reeent evolutionary 
origin. Although vertebrates have existed for about 600 million 


27 cortex = bark, rind 


28 neo = new 
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Figure 15.14 Histology ofthe 

Neocortex. Neurons are arranged 
in six layers. 
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years, the neocortex did not develop signifieantly until about 60 
million years ago, when there was a sharp inerease in the diversity 
of mammals. It attained its highest development by far in the pri- 
mates. The six layers of neocortex (fig. 15.14) vary from one part 
of the eerebmm to another in relative thiekness, cellular eomposi- 
tion, synaptie eonneetions, size of the neurons, and destination of 
their axons. Layer IV is thiekest in sensory regions and layer V in 
motor regions, for example. All axons that leave the cortex and 
enter the white matter arise from layers III, V, and VI. 

Some regions of eerebral cortex have fewer than six layers. The 
earliest type of cortex to appear in vertebrate evohition was a one- to 
five-layered tissue ealled paleocortex (PALE-ee-oh-cor-tex), limited 
in humans to part of the insula and eertain areas of the temporal 
lobe eoneerned with smell. The next to evolve was a three-layered 
archicortex (AR-kee-cor-tex), found in the human hippocampus. 
The neocortex was the last to evolve. 


The Limbie System 

The limbie 29 system is an important eenter of emotion and learning. 
It was originally deseribed in the 1850s as a ring of eerebral cortex 
on the medial side of the hemisphere, eneireling the corpus callosum 
and thalamus. Its most anatomieally prominent eomponents are the 
cingulate 30 (SING-you-let) gyrus that arehes over the top of the eor- 
pus callosum in the frontal and parietal lobes, the hippocampus 31 
in the medial temporal lobe (fig. 15.15), and the amygdala 32 (ah- 
MIG-da-luh) immediately rostral to the hippocampus, also in the 
temporal lobe. There are still differenees of opinion on what stme- 
tures to eonsider as parts of the limbie system, but those three are 


29 limbus = border 
30 cingulate = girdle 

3 hippocampus = sea horse; named for its shape 
32 amygdala = almond; named for its shape 
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Figure 15.15 The Limbie System. This ring of structures includes important eenters of learning and emotion. In the frontal lobe, there is no sharp 
rostral boundary to limbie system eomponents. 
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agreed upon. Other eomponents include the mammillary bodies and 
other hypothalamie nuclei, some thalamie nuclei, parts of the basal 
nuclei, and parts of the frontal lobe ealled prefrontal and orbitofron- 
tal cortex. Limbie system eomponents are intereonneeted through a 
complex loop of fiber traets allowing for somewhat circular patterns 
of feedbaek among its nuclei and eortieal neurons. All of these stme- 
tures are bilaterally paired; there is a limbie system in eaeh eerebral 
hemisphere. 

The limbie system was long thought to be assoeiated with 
smell because of its elose assoeiation with olfaetory pathways, 
but beginning in the early 1900s and continuing even now, experi- 
ments have abundantly demonstrated more signifieant roles in 
emotion and memory. Most limbie system structures have een- 
ters for both gratifieation and aversion. Stimulation of a gratifiea- 
tion eenter produces a sense of pleasure or reward; stimulation 
of an aversion eenter produces disagreeable sensations such as 
fear, displeasure, or sorrow. Gratifieation eenters dominate some 
limbie structures, such as the nucleus accumbens (not illustrated), 
whereas aversion eenters dominate others, such as the amygdala. 
The roles of the amygdala in emotion and the hippocampus in 
memory are deseribed in the eoming pages. 


The Basal Nuclei 

The basal nuclei (fig. 15.16) are masses of eerebral gray matter 
buried deep in the white matter, lateral to the thalamus. They are 
often ealled basal ganglia, but the word ganglion is best restrieted 
to clusters of neurons outside the CNS. Neuroanatomists dis- 
agree on how many brain eenters to elassify as basal nuclei, but 
agree on at least three: the caudate 33 nucleus, putamen, 34 and 


globus pallidus. 35 These three are eolleetively ealled the eorpns 
striatum because of their striped appearanee. The putamen and 
globus pallidus are also eolleetively ealled the lentiform 36 nucleus, 
named for its lenslike shape. The basal nuclei are involved in motor 
eontrol, as discussed later. 


Integrative Brain Functions 

We will here examine a number of “higher” functions of the 
forebrain—sensory awareness, motor eontrol, language, emotion, 
thought, and memory. These proeesses eall attention espeeially 
to the eerebral cortex, but are not limited to the eerebmm; they 
involve also the dieneephalon and cerebellum. It is impossible in 
many eases to assign a speeifie function to a speeifie brain region. 
Functions of the brain do not have such easily defined boundaries 
as its anatomy. Some functions overlap anatomieally, some eross 
anatomieal boundaries from one region to another, and some func- 
tions such as consciousness and memory are widely distributed 
through the cerebrum. 

As a general prineiple for the functional discussion of the eere- 
bmm, we distinguish between primary cortex and assoeiation eor- 
tex. Primary cortex eonsists of those regions that reeeive input 
direetly from the sense organs or brainstem, or issue motor nerve 
fibers direetly to the brainstem for distribution of the motor eom- 
mands to eranial and spinal nerves. Assoeiation cortex eonsists 
of all regions other than the primary cortex involved in integra- 
tive functions such as interpretation of sensory input, planning 
of motor output, eognitive (thought) proeesses, and the storage 
and retrieval of memories. About 75% of the mass of the eerebral 


33 caudate = tailed, tail-like 
34 putam = pod, husk 


35 glob = globe, ball; pallid = pale 
36 lenti = lens; form = shape 
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Figure 15.17 Some Functional Regions of the Cerebral Cortex. The Broea and Wernicke areas for language abilities are found in only one 
hemisphere, usually the left. The other regions shown here are mirrored in both hemispheres. 


cortex is assoeiation cortex. Typieally, an area of primary cortex 
has an assoeiation area immediately adjaeent to it, eoneerned with 
the same general function. For example, the primary visual eor- 
tex, which reeeives input from the eyes, is bordered by the visual 
assoeiation area, which interprets and makes eognitive sense of the 
visual stimuli. Some assoeiation areas are multimodal; instead of 
proeessing information from a single sensory source, they reeeive 
input from multiple senses and integrate this into the overall per- 
eeption of one’s surroundings. The assoeiation area of the frontal 
lobe is a very important eenter of eognitive and emotional func- 
tion, the prefrontal cortex. 

Speeial Senses 

The speeial senses are taste, smell, hearing, equilibrium, and 
vision, mediated by relatively complex sense organs in the head. 
Signals from these organs are routed to widely separated areas of 
primary sensory cortex in the eerebmm. From an area of primary 
sensory cortex, signals are relayed to a nearby assoeiation area, 
where the present sensory experience is integrated with memory 
and made identifiable and intelligible. Here we will only briefly 
identify the regions of eerebral cortex eoneerned with eaeh of the 
speeial senses (fig. 15.17). Chapter 17 details the pathways taken 
from the sense organs to these areas of the eerebmm. 

• Vision. Visual signals are reeeived by the primary visual cortex 
in the far posterior region of the oeeipital lobe. This is bordered 
anteriorly by the visual assoeiation area, which includes all 

the remainder of the oeeipital lobe, part of the parietal lobe, and 
much of the inferior temporal lobe. The assoeiation area inte- 
grates information so we ean identify what we see. 

• Hearing. Auditory signals are reeeived by the primary 
auditory cortex in the superior region of the temporal lobe 
and in the nearby insula. The auditory assoeiation area 
occupies areas of temporal lobe inferior to the primary 


auditory cortex and deep within the lateral sulcus. This is 
where we beeome eapable of reeognizing spoken words, a 
familiar pieee of music, or a voiee on the telephone. 

• Equilibrium. Signals from the inner ear for equilibrium projeet 
mainly to the cerebellum and several brainstem nuclei eon- 
eerned with head and eye movements and viseeral functions. 
Some fibers of this system, however, are routed through the 
thalamus to assoeiation areas in the roof of the lateral sulcus 
and near the lower end of the eentral sulcus. This is the seat of 
consciousness of our body movements and orientation in spaee. 

• Taste. Gustatory signals are reeeived by the primary 
gustatory cortex in the inferior end of the posteentral gyrus 
of the parietal lobe (discussed shortly) and an anterior region 
of the insula. The gustatory assoeiation area is integrated with 
the assoeiation area for smell. 

• Smell. The primary olfaetory cortex lies in the medial surface 
of the temporal lobe and inferior surface of the frontal lobe. 
The orbitofrontal cortex (fig. 15.16) eontains an assoeiation 
area that integrates gustatory, olfaetory, and visual informa- 
tion to ereate a sense of the overall flavor and desirability (or 
rejeetion) of food. 

General Senses 

The general (somatosensory or somesthetie 37 ) senses are widely 
distributed over the body and have relatively simple reeeptors (see 
ehapter 17). They include such senses as touch, pressure, streteh, 
temperature, and pain. Somatosensory signals arising from the 
neek down travel up the spinal eord in the graeile and cuneate 
fasciculi and spinothalamie traets. Somatosensory nerve fibers 
decussate in the spinal eord or medulla before reaehing the thalamus 


37 som = body; esthet = sensation 
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(see table 14.1 and fig. 14.4). Consequently, these signals ulti- 
mately arrive in the eontralateral eerebral cortex—stimuli on the 
right side of the body are pereeived in the left eerebral hemisphere, 
and viee versa. The thalamus routes all somatosensory signals to 
one speeifie fold of the eerebmm, the posteentral gyrus. This 
gyrus lies immediately caudal to the eentral sulcus and forms the 
anterior border of the parietal lobe (see fig. 15.le). It rises from 
the lateral sulcus up to the crown of the head and then deseends 
into the longitudinal fissure. The cortex of this gyrus is ealled the 
primary somatosensory cortex (fig. 15.18). 

This gyms is like an upside-down sensory map of the eon- 
tralateral side of the body, traditionally diagrammed as a sensory 
homunculus 38 (fig. 15.18b). As the diagram shows, reeeptors in the 
lower limb projeet to superior and medial parts of the gyms, and 
reeeptors in the faee projeet to the inferior and lateral parts. There 
is a point-for-point eorrespondenee, or somatotopy, 39 between an 
area of the body and an area of the posteentral gyms. The reason 
for the bizarre, distorted appearaee of the homunculus is that the 
amount of eerebral tissue devoted to a given body region is propor- 
tional to how riehly innervated and sensitive that region is, not to 
its size. Thus, the hands and faee are represented by a much larger 
region of somatosensory cortex than the tmnk is. 

The somatosensory assoeiation area is found in the parietal 
lobe posterior to the posteentral gyms and in the roof of the lateral 
sulcus (fig. 15.17). 


38 hom = man; uncu!us = little 
39 somoto = body; top = plaee 


Motor Control 

The intention to eontraet a skeletal muscle begins in the motor 
assoeiation (premotor) area of the frontal lobes (fig. 15.17). This 
is where we plan our behavior—where neurons eompile a program 
for the degree and sequence of muscle eontraetions required for an 
aetion such as daneing, typing, or speaking. The program is then 
transmitted to neurons of the preeentral gyrus (primary motor 
area), which is the most posterior gyms of the frontal lobe, imme- 
diately anterior to the eentral sulcus (see fig. 15.le). Neurons here 
send signals to the brainstem and spinal eord that ultimately result 
in muscle eontraetions. 

The preeentral gyms, like the posteentral one, exhibits somato- 
topy. The neurons for toe movements, for example, are deep in the 
longitudinal fissure on the medial side of the gyms. The summit of 
the gyms eontrols the tmnk, shoulder, and arm, and the inferolat- 
eral region eontrols the faeial muscles. This map is diagrammed as a 
motor homunculus (fig. 15.19b). Like the sensory homunculus, it has 
a distorted look because the amount of cortex devoted to a given body 
region is proportional to the number of muscles and motor units in 
that region, not to the size of the region. The amount of eortieal tissue 
that eontrols the thumb, for example, is eonsiderably greater than that 
which eontrols the thigh, sinee the thumb is involved in a great variety 
of complex movements and requires finer eontrol. 

There is no exact point-for-point eorrespondenee between an area 
of the preeentral gyms and a given muscle. A muscle is eontrolled 
by neurons at several points within a general area of the gyms. Also, 
a given neuron in the gyms may ultimately affeet more than one 
muscle, such as muscles of shoulder and elbow movement that both 
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Figure 15.18 The Primary Somatosensory Area (Posteentral Gyrus). (a) Superior view of the brain showing the loeation of the posteentral gyrus 
(violet). (b) Sensory homunculus, drawn so that body parts are in proportion to the amount of cortex dedieated to their sensation. APIB 
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Figure 15.19 The Primary Motor Area (Preeentral Gyrus). (a) Superior view ofthe brain showing the loeation of the preeentral gyrus (blue). 
(b) Motor homunculus, drawn so that body parts are in proportion to the amount of primary motor cortex dedieated to their eontrol. 
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contribute to the eoordinated positioning of one’s hand. Although 
the homunculus identifies eortieal areas that are broadly responsible 
for motor eontrol of a given region, the boundaries between these 
eortieal areas overlap and are not sharply defined. 

The pyramidal eells of the preeentral gyrus are ealled upper 
motor neurons. Their fibers projeet caudally, with about 19 million 
fibers ending in nuclei of the brainstem and 1 million forming 
the eortieospinal traets. These traets decussate in the pyramids 
of the medulla oblongata and then continue into the spinal eord. 
Therefore, below the neek, eaeh preeentral gyrus eontrols muscles 
on the eontralateral side of the body. In the brainstem or spinal 
eord, the fibers from the upper motor neurons synapse with lower 
motor neurons whose axons innervate the skeletal muscles. 

Other areas of the brain important in muscle eontrol are the 
basal nuclei and cerebellum. The basal nuclei reeeive signals 
from the eerebral cortex and direet their output baek to the cortex 
via the thalamus. Nearly all areas of eerebral cortex, except for 
the primary visual and auditory areas, send signals to the basal 
nuclei. The basal nuclei proeess these and issue their output to 
the thalamus, which relays these signals baek to the eerebral eor- 
tex—espeeially to the prefrontal cortex, motor assoeiation area, 
and preeentral gyrus. The basal nuclei thus lie in a feedbaek circuit 
involved in the planning and execution of movement. 

Among other functions, the basal nuclei assume eontrol of 
highly praetieed behaviors that one earries out with little thought— 
writing, typing, driving a ear, using seissors, or tying one’s shoes, 
for example. They also eontrol the onset and eessation of planned 


movements and the repetitive movements at the shoulder and hip 
that occur during walking. 

Lesions of the basal nuclei cause movement disorders ealled 
dyskinesias. 40 Some dyskinesias are eharaeterized by abnormally 
inhibited movements—for example, difficulty rising from a ehair 
or beginning to walk and a slow shuffling walk, as seen in Par- 
kinson disease (see p. 439). Smooth, easy movements require the 
excitation of agonistie muscles and inhibition of their antagonists. 
In Parkinson disease, the antagonists are not inhibited. Therefore, 
opposing muscles at a joint fight eaeh other, making it a stmggle 
to move as one wishes. Other dyskinesias are eharaeterized by 
exaggerated or unwanted movements, such as flailing of the limbs 
(ballismiAs) in Huntington disease. 

The cerebellum is highly important in motor eoordination. It 
aids in learning motor skills, maintains muscle tone and posture, 
smooths muscle eontraetions, eoordinates eye and body movements, 
and eoordinates the motions of different j oints with eaeh other (such 
as the shoulder and elbow in pitehing a baseball). The cerebellum 
aets as a eomparator in motor eontrol. It reeeives information from 
the upper motor neurons of the eerebmm about what movements 
are intended, and information from proprioeeptors in the muscles 
and joints about the actual performanee of the movement (see 
fig. 15.10). The Purkinje eells of the cerebellum eompare the two. 
If there is a diserepaney between the intent and the performanee, 
they signal the deep eerebellar nuclei, which, in turn, relay signals to 


40 dys = bad, abnormal, difficult; kines = movement 
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the thalamus and eerebral cortex. Motor neurons in the cortex then 
eorreet the muscle performanee to mateh the intent. Lesions of the 
cerebellum ean result in a clumsy, awkward gait (ataxia) and make 
some tasks such as elimbing stairs virtually impossible. 

Language 

Language includes several abilities—reading, writing, speaking, 
and understanding spoken and printed words—assigned to different 
regions of eerebral cortex. The Wernicke 41 (WUR-nih-kee) area is 
responsible for the reeognition of spoken and written language. It lies 
just posterior to the lateral sulcus, usually in the left hemisphere, at the 
erossroad between visual, auditory, and somatosensory areas of the 
cortex (see fig. 15.17). It is a sensory assoeiation area that reeeives 
input from all these neighboring regions of primary sensory cortex. 
The angular gyrus, part of the parietal lobe caudal and superior to the 
Wernicke area, is important in the ability to read and write. 

When we intend to speak, the Wernicke area formulates phrases 
aeeording to learned rnles of grammar and transmits a plan of speeeh 
to the Broea 42 area, loeated in the inferior prefrontal cortex of the 
same hemisphere. PET seans show a rise in the metabolie aetivity 
of the Broea area as we prepare to speak. The Broea area generates 
a motor program for the muscles of the larynx, tongue, eheeks, and 
lips to produce speeeh. This program is then transmitted to the pri- 
mary motor cortex, which executes it—that is, it issues eommands to 
the lower motor neurons that supply the relevant muscles. 

Lesions in the language areas of the brain tend to produce a 
variety of language defieits ealled aphasias 43 (ah-FAY-zee-uhs). 
They may include a eomplete inability to speak; slow speeeh with 
difficulty ehoosing words; invention of words that only approxi- 
mate the eorreet ones; babbling, ineomprehensible speeeh filled 
with invented words and illogieal word order; inability to eom- 
prehend another person’s written or spoken words; or inability to 
name objeets that a person sees. Sinee eranial nerves VII and XII 
(the faeial and hypoglossal nerves) eontrol several of the muscles 
of speeeh, speeeh defieits ean also result from lesions to these 
nerves or their brainstem nuclei. 


Emotion 

Emotional feelings and memories are not exclusively eerebral 
functions, but rather result from an interaetion between areas of 
the prefrontal cortex and the dieneephalon. The hypothalamus and 
amygdala play espeeially important roles in emotion. Experiments 
by Swiss physiologist Walter Hess, leading to a 1949 Nobel Prize, 
showed that stimulation of various nuclei of the hypothalamus 
in eats could induce rage, attaek, and other emotional responses. 

41 Karl Wernicke (1848-1904), German neurologist 

42 Pierre Paul Broea (1824-80), Freneh surgeon and anthropologist 

43 o = without; phas = speeeh 


Nuclei involved in the senses of reward and punishment have been 
identified in the hypothalamus of eats, rats, monkeys, and other 
animals, as well as humans. 

The amygdala, one of the most important eenters of human emo- 
tion, is a major eomponent of the limbie system deseribed earlier. 
It reeeives proeessed information from the senses of vision, hear- 
ing, taste, smell, and general somatosensory and viseeral senses. 
Thus, it is able to mediate emotional responses to such stimuli as 
a disgusting odor, a foul taste, a beautiful image, pleasant music, 
or a stomaehaehe. It is espeeially important in the sense of fear. 
Output from the amygdala goes in two direetions of speeial interest: 
(1) Some output projeets to the hypothalamus and lower brainstem 
and thus influences the somatie and viseeral motor systems. An 
emotional response to a sight or sound may, through these eonnee- 
tions, make one’s heart raee, make the hair stand on end (piloeree- 
tion), or induce vomiting. (2) Other output projeets to areas of the 
prefrontal cortex that mediate conscious eontrol and expression of 
the emotions, such as our ability to express love or eontrol anger. 

Many important aspeets of personality depend on an intaet, 
functional amygdala and hypothalamus. When speeifie regions of 
the amygdala or hypothalamus are destroyed or artifieially stimu- 
lated, humans and other animals exhibit blunted or exaggerated 
expressions of anger, fear, aggression, self-defense, pleasure, pain, 
love, sexuality, and parental affeetion, as well as abnormalities in 
learning, memory, and motivation. 

Cognition 

Cognition 44 is the range of mental proeesses by which we acquire 
and use knowledge—sensory pereeption, thought, reasoning, judg- 
ment, memory, imagination, and intuition. Cognitive abilities of 
various kinds are widely distributed through the assoeiation areas 
of the eerebral cortex. This is the most difficult area of brain 
researeh and the most ineompletely understood area of eerebral 
function. Much of what we know about eognitive functions of the 
brain has eome from studies of patients with brain lesions—areas 
of tissue destmetion resulting from eaneer, stroke, and trauma. The 
many brain injuries incurred in World Wars I and II yielded an 
abundance of insights into regional brain functions. More reeently, 
imaging methods such as positron emission tomography (PET) 
and functional magnetie resonanee imaging (fMRI), deseribed 
on page 413, have led to much more sophistieated insights into 
brain function. These methods allow a researeher to sean a person’s 
brain while that person is performing various eognitive or motor 
tasks and to see which brain regions are most aetive in different 
mental and task states (fig. 15.20). 

Attention to objeets in the environment is based in the pari- 
etal lobe on the side opposite the Broea and Wernicke speeeh 
eenters. Lesions here ean produce eontralateral negleet syn- 
drome, in which a patient seems unaware of objeets on one side 
of the body; fails even to reeognize, dress, and take eare of one 
side of his or her own body; or ignores all words on one side of 
a page of reading. Such patients are also unable to find their way 
around—say, to deseribe the route from home to work, or to navi- 
gate within a familiar building. 


44 cognit = to know, to learn 



Apply What You Know 

Mr. Thompson has had a stroke that destroyed his Wernicke area. 
Ms. Meyers has had a stroke that destroyed her Broea area. VVhat 
differenees in language defìeits would you expect between these 
two patients? 
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Figure 15.20 PET Seans of the Brain During Performanee of a Language Task. These seans represent computer-averaged images of the 
brains of one or more subjects who were shown a word (eor) in print and asked to speak a word (such as drive) related to it. The most aetive 
brain areas are shown in red and the least aetive in blue. Such studies have shown that the Broea and Wernicke areas are not involved in simply 
repeating a word, but are aetive when a person must evaluate a word and ehoose an appropriate response. PET seans also show that different 
neural pools take over a task as a person praetiees and beeomes more profieient at it. 


The prefrontal cortex is eoneerned with many of our most dis- 
tinetly human abilities, such as abstraet thought, foresight, judgment, 
responsibility, a sense of purpose, and a sense of soeially appropriate 
behavior. Lesions here tend to render a person easily distraeted from a 
task, irresponsible, exceedingly stubborn, unable to antieipate future 
events, and ineapable of any ambition or planning for the future. 

The cerebellum also has lately shown a surprising amount of 
eognitive function. It exhibits inereased PET aetivity in analyz- 
ing visual and taetile input, solving spatial puzzles, judging the 
passage of time, planning and scheduling aetivities, diseriminating 
similar-sounding words, and performing other language tasks. For 
example, if a person is given a noun such as apple and asked to 
think of a related verb such as eat , the cerebellum is more aetive 
than when the person is asked simply to repeat apple. Touching 
sandpaper aetivates the eerebellmn to some degree, but not as 
much as when one is asked to eompare the texture of two differ- 
ent sandpapers. The cerebellum also helps in making short-term 
predietions about movement, such as where a baseball will be in 
a seeond or two so that one ean eateh it. People with eerebellar 
lesions have difficulty with emotional overreaetion and impulse 
eontrol. Many ehildren with attention-defieit/hyperaetivity disor- 
der (AD/HD) have abnormally small cerebellums. 

Memory 

Memory is one of the eognitive functions, but warrants speeial atten- 
tion. There are two kinds of memory— procedural memory, the 
retention of motor skills such as how to tie one’s shoes, play the vio- 
lin, or type on a keyboard; and deelarative memory, the retention of 
events and faets that one ean put into words, such as names, dates, 
or faets important to an upcoming examination. At the cellular level, 
both forms of memory probably involve the same proeesses: the ere- 
ation of new synaptie eontaets and physiologieal ehanges that make 
synaptie transmission more effieient along eertain pathways. 

The limbie system has important roles in the establishment of 
memories. The amygdala ereates emotional memories, such as the 


ehilling fear of being stung when a wasp alights on the skin. The 
hippocampus (see fig. 15.15) is eritieal to the ereation of long-term 
deelarative memories. It does not store memories, but organizes sen- 
sory and eognitive experiences into a unified long-term memory. 
The hippocampus learns from sensory input while an experience 
is happening, but it has a short memory. Later, perhaps when one 
is sleeping, it plays this memory repeatedly to the eerebral cortex, 
which is a “slow learner” but forms longer-lasting memories. This 
proeess of “teaehing the eerebral cortex” until a long-term memory 
is established is ealled memory eonsolidation. Lesions of the hip- 
pocampus ean abolish the ability to form new deelarative memories, 
but they do not abolish old memories or the acquisition of new pro- 
cedural memories, such as the ability to learn a new motor skill. 

Long-term memories are stored in various areas of the eerebral 
cortex. The memory of language (vocabulary and grammatieal 
rules) resides in the Wernicke area. Our memories of faees, voiees, 
and familiar objeets are stored in the superior temporal lobe. 
Memories of one’s soeial role, appropriate behavior, goals, and 
plans are stored in the prefrontal cortex. Procedural memories are 
stored in the motor assoeiation area, basal nuclei, and cerebellum. 

Cerebral Lateralization 

The two eerebral hemispheres look identieal at a glanee, but elose 
examination reveals a number of differenees. For example, in women 
the left temporal lobe is longer than the right. In left-handed people, 
the left frontal, parietal, and oeeipital lobes are usually wider than 
those on the right. The two hemispheres also differ in some of their 
functions ( ig. 15.21). Neither hemisphere is “dominant;,” but eaeh 
is speeialized for eertain tasks. This differenee in function is ealled 
eerebral lateralization. The idea that some people are “left-brained” 
and others “right-brained,” however, is a diseredited popular myth. 

One hemisphere, usually the left, is ealled the eategorieal 
hemisphere. It is speeialized for spoken and written language 
and for the sequential and analytieal reasoning employed in such 
fields as seienee and mathematies. This hemisphere seems to break 













chapter fifteen The Nervous System III: Brain and Cranial Nerves 


425 


Left hemisphere 



Olfaetion, right nasal eavity 


Verbal memory 


Speeeh 


Right hand 
motor eontrol 


Feeling shapes 
with right hand 


Hearing voeal sounds 
(right ear advantage) 


Rational, symbolie 
thought 


Superior language 
eomprehension 


Vision, right field 


Anterior 



Olfaetion, left nasal eavity 


Memory for shapes 


(Limited language 
eomprehension, mute) 


Left hand motor eontrol 


Feeling shapes with 
left hand 


Hearing nonvoeal sounds 
(left ear advantage) 


Musical ability 
lntuitive, nonverbal thought 

Superior reeognition of 
faees and spatial 
relationships 

Vision, left field 


Figure 15.21 Lateralization of Oerebral Functions. The two eerebral hemispheres are not functionally identieal. 
• Ifa person is deseribed os “left-broined, ,> does this meon he or she mokes little use ofthe right hemisphere? 


information into fragments and analyze it in a linear way. The other 
hemisphere, usually the right, is ealled the representational hemi- 
sphere. It pereeives information in a more integrated, holistie way. 
It is the seat of imagination and insight; musical and artistie skill; 
pereeption of patterns and spatial relationships; pereeption of the 


rhythm, intonation, and emotional eontent of speeeh; and eompari- 
son of sights, sounds, smells, and tastes. 

Figure 15.22 shows some of the forebrain structures in a eoronal 
tissue seetion and a eorresponding MRI of the eerebmm. Table 15.2 
summarizes the forebrain functions deseribed in the last several pages. 


TABLE 15.2 

Forebrain Functions 

Dieneephalon 


Thalamus 

Sensory proeessing; relay of sensory and other signals to eerebmm; relay of eerebral output to other parts of brain 

Hypothalamus 

Hormone synthesis; eontrol of pituitary seeretion; autonomic responses affeeting heart rate, blood pressure, pupillary 
diameter, digestive seeretion and motility, and other viseeral functions; thermoregulation; hunger and thirst; sleep and 
eireadian rhythms; emotional responses; sexual function; memory 

Epithalamus 

Hormone seeretion; relay of signals between midbrain and limbie system 

Cerebral lobes 


Frontal lobe 

Smell; motor aspeets of speeeh; voluntary eontrol of skeletal muscles; procedural memory; eognitive functions such as 
abstraet thought, judgment, responsibility, foresight, ambition, planning, and ability to stay focused on a task 

Parietal lobe 

Somatosensory functions, taste, awareness of body movement and orientation, language reeognition, nonmotor aspeets of 
speeeh 

Oeeipital lobe 

Vision 

Temporal lobe 

Hearing, smell, interpreting visual information, learning, memory, emotion 

lnsula 

Hearing, taste, viseeral sensation 

Basal nuclei 

Motor eontrol; procedural memory 

Limbie system 

Learning, emotion, gratifieation, and aversion responses 
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Longitiidinal fissure 


Frontal lobe 


Corpus callosum 


Choroid plexus 


lnsula 


Lateral sulcus 


Internal capsule 


Hypothalamus 


Temporal lobe 


(a) 



Gray matter 


VVhite matter 


Lateral ventriele 


Corona radiata 


Caudate nucleus 


Putamen 


Globus pallidus 


Third ventriele 


Longitudinal fissure 


Gray matter 


VVhite matter 


Corpus callosum 


Lateral sulcus 


lnsula 


(b) 



Hypothalamus 


Cranium 


Frontal lobe 


Lateral ventriele 


Corona radiata 


Caudate nucleus 


Putamen 


Third ventriele 


Temporal lobe 


Figure 15.22 Coronal Seetions of the Cerebrum. (a) Tissue seetion. (b) A eorresponding MRI 


© Medieal Body Seans/Seienee Source © Biophoto Assoeiates/Seienee Source 
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Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

13. What is the role of the thalamiis in sensory function? 

14. List at least six functions of the hypothalamus. 

15. Name the five lobes of the eerebmm and deseribe their 

loeations and boundaries. 

16. Where are the basal nuclei loeated? What is their general 

function? 

17. Where is the limbie system loeated? What eomponent of 

it is involved in emotion? What eomponent is involved in 
memory? 

18. Deseribe the loeations and functions of the somatosensory, 

visual, auditory, and frontal assoeiation areas. 

19. Deseribe the somatotopy of the primary motor cortex and 

primary sensory cortex. 

20. What are the roles of the Wernicke area, Broea area, and 

preeentral gyrus in language? 



The Cranial Nerves 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. list the 12 eranial nerves by name and number; 

b. identify where eaeh eranial nerve originates and 
terminates; and 

e. state the functions of eaeh eranial nerve. 


To be functional, the brain must communicate with the rest of the 
body. Most of its input and output travels by way of the spinal eord, 
but it also communicates by way of 12 pairs of eranial nerves 
(table 15.3). These arise primarily from the base of the brain, 
exit the cranium through its foramina, and lead to muscles and 
sense organs primarily in the head and neek. They are numbered I 
through XII starting with the most rostral (fig. 15.23). Eaeh nerve 
also has a deseriptive name such as optie nerve and vagus nerve. 
Figure 15.24 shows their pathways to and from the peripheral 
organs, and eaeh is separately illustrated in table 15.3. 


Frontal lobe 


Olfaetory traet 
Optie ehiasm 


Temporal lobe 


lnfundibulum 


Midbrain 


Pons 


Medulla 
oblongata 


Cerebellum 


Spinal eord 



Granial nerves: 


Olfaetory bulb 


(from olfaetory nerve, I) 



Optie nerve (II) 


Oculomotor nerve (III) 


Troehlear nerve (IV) 


i 


Trigeminal nerve (V) 


Abducens nerve (VI) 


Faeial nerve (VII) 


Vestibulocochlear nerve (VIII) 
Glossopharyngeal nerve (IX) 


Vagus nerve (X) 


Hypoglossal nerve (XII) 


Aeeessory nerve (XI) 


Frontal lobe 


Longitudinal 

fissure 


Olfaetory trae 



Temporal lob 


Optie ehiasm 


Pons 


Medulla 

oblongata 


Cerebellum 
Spinal eord 


(a) 

Figure 15.23 The Cranial Nerves. (a) Base of the brain, showing the 12 pairs of eranial nerves. (b) Cranial nerves of the eadaver brain. 



R 


© McGraw-Hill Education/Rebecca Gray, photographer/Don Kineaid, disseetions 
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Figure 15.24 eranial Nerve 

Pathways. Pathways eoneerned 
with sensory function are shown 
in green, and those eoneerned 
with motor function are shown 
in red. All eranial nerves except 
I and II earry sensory fibers, but 
these functions are omitted 
in eases where the nerve 
is essentially motor and its 
sensory function is limited to 
proprioeeption from the muscles. 


Optie, oculomotor, troehlear, 
and abducens nerves 




Olfaetory nerve 





Trigeminal nerve, braneh V-| 





Trigeminal nerve, branehes 



Vagus nerve 
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TABLE 15.3 The Cranial Nerves 


Cranial nerves listed as mixed or sensory are agreed by all authorities to be either mixed or purely sensory. Those elassified as predominantly 
motor or sensory have fibers of the other type as well. Motor nerves also eontain proprioeeptive sensory fibers, but these may eome from 
different muscles than the ones innervated by the motor fibers. 


I. Olfaetory Nerve. This is the nerve for the sense of smell. It eonsists of several separate faseieles that pass independently through the 
eribriform plate in the roof ofthe nasal eavity. It is not visible on brains removed from the skull because these faseieles are severed by removal 
of the brain. 


Composition 

Function Origin 

Termination 

Oranial Passage 

Effeet of Damage 

dinieal Test 

Sensory 

Smell Olfaetory 

mucosa in 
nasal eavity 

Olfaetory bulbs 

Oribriform foramina 

of ethmoid bone 

Impaired sense of 
smell 

Determine whether subject 
ean smell (not neeessarily 
identify) aromatie substances 


such as eoffee, vanilla, elove 
oil, or soap 

Olfaetory bulb 
Olfaetory traet 

Cribriform plate of 
ethmoid bone 

Faseieles of 
olfaetory nerve (I) 

Nasal mucosa 



Figure 15.25 The Olfaetory Nerve (I). AFl R 


II. Optie Nerve. 

This is the nerve for vision. 





Composition 

Function 

Origin 

Termination 

Cranial Passage 

Effeet of Damage 

eiinieal Test 

Sensory 

Vision 

Retina 

Thalamus and 

midbrain 

Optie foramen 

Blindness in part or 
all of visual field 

inspeet retina with 
ophthalmoseope; test 



Eyeball 


Optie nerve (II) 


Optie ehiasm 
Optie traet 


Pituitary gland 


peripheral vision and visual 
acuity 


Figure 15.26 The Optie Nerve (II). [APl R 
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TABLE 15.3 The Oranial Nerves (continued) 


III. Oculomotor 45 Nerve (OC-you-lo-MO-tur). This nerve eontrols muscles that turn the eyeball up, down, and medially, as well as eontrolling 
the iris, lens, and upper eyelid. 


Composition Function 

Origin Termination 

Cranial Passage 

Effeet of Damage eiinieal Test 

Predominantly Eye 

motor movements, 

opening 
of eyelid, 
pupillary 
eonstrietion, 
focusing 

Midbrain Somatie fibers to levator 

palpebrae superioris; 
superior, medial, and 
inferior rectus muscles 
and inferior oblique 
muscle of eye. Autonomic 
fibers enter eyeball and 
lead to eonstrietor of iris 
and eiliary muscle of lens. 

Superior orbital 
fissure 

Drooping eyelid; Lookfor 

dilated pupil; inability differenees in size 

to move eye in some and shape of right 

direetions; tendeney of and left pupils; 

eye to rotate laterally test pupillary 

at rest; double vision; response to 

difficulty focusing light; test ability 

to traek moving 
o bj e ets. 



Figure 15.27 The Oculomotor Nerve (III). 



IV. Troehlear 46 Nerve (TROCK-lee-ur). This nerve eontrols a muscle that rotates the eyeball medially and slightly depresses the eyeball when 
the head turns. This is the only eranial nerve that arises from the dorsal side of the brainstem. It is also unusual in being the only eranial nerve to 
eompletely decussate; the left troehlear nerve moves the right eye and viee versa. 


Composition 

Function 

Origin 

Termination 

Cranial Passage 

Effeet of Damage 

Clinical Test 

Predominantly 

motor 

Eye 

movements 

Midbrain 

Superior oblique muscle 
of eontralateral eye 

Superior orbital 
fissure 

Double vision and 
inability to rotate eye 
inferolaterally; eye 
points superolaterally 
and subject tends 
to tilt head toward 

affeeted side 

Test ability of eye 
to rotate; requires 
ophthalmoseopie 
examination 


Superior oblique muscle 


Troehlear nerve (IV) 



\ 


Figure 15.28 The Troehlear Nerve (IV). 



45 oci//o = eye; motor= mover 

46 trochlea = pulley (for a loop through which the muscle’s tendon passes) 
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TABLE 15.3 The Oranial Nerves (continued) 


V. Trigeminal 47 Nerve (tri-JEM-ih-nul). This is the most important sensory nerve of the faee, and the largest eranial nerve except for the optie 
nerve. It forks into three divisions: ophthalmie (Vý, maxillary (V 2 ), and mandibular (V 3 ) (see fig. 15.29 on page 432). 


Composition 

Function 

Origin 

Termination 

Oranial 

Passage 

Effeet of 

Damage 

eiinieal Test 

Ophthalmie 
division (V^) 

Sensory 

Touch, 

Superior region of 

Pons 

Superior orbital 

Loss of sensation 

Test eorneal reflex 


temperature, 

faee as illustrated; 


fissure 

from upper faee 

(blinking in response 


and pain 

surface of eyeball; 




to light touch to 


sensations from 

laerimal (tear) gland; 




eyeball) 


upper faee 

superior nasal 
mucosa; frontal and 
ethmoid sinuses 





Maxillary 
division (V 2 ) 

Sensory 

Same as V-,, 

Middle region of 

Pons 

Foramen 

Loss of sensation 

Test sense of touch, 


lower on faee 

faee as illustrated; 


rotundum and 

from middle faee 

pain, and temperature 



nasal mucosa; 


infraorbital 


with light touch, 



maxillary sinus; 


foramen 


pinprieks, and hot and 



palate; upper teeth 
and gums 




eold objeets 

Mandibular 
division (V 3 ) 

Mixed 

Sensory: Same 

Sensory: Inferior 

Sensory: Pons 

Foramen ovale 

Loss of sensation; 

Assess motor 


as V^ and V 2 , 

region of faee as 

Motor: 


impaired chewing 

functions by palpating 


lower on faee 

illustrated; anterior 

Anterior belly 



masseter and 


Motor: 

two-thirds of 

of digastrie; 



temporalis while 


Mastieation 

tongue (but not 

masseter, 



subject elenehes 



taste buds); lower 

temporalis, 



teeth; test ability to 



teeth and gums; 

mylohyoid, 



move mandible from 



floor of mouth; dura 

and pterygoid 



side to side and to 



mater 

muscles; tensor 



open mouth against 



Motor: Pons 

tympani muscle 
of middle ear 



resistanee 


DEEPER INSIGHT 



Some Cranial Nerve Disorders 

Trigeminal neuralgia A8 (tie douloureux 49 j is a synd rome eharaeterized 
by recurring episodes of intense stabbing pain in the trigeminal 
nerve. The cause is unknown; there is no visible ehange in the nerve. 
It usually occurs after the age of 50 and mostly in women. The pain 
lasts only a few seeonds to a minute or two, but it strikes at unpre- 
dietable intervals and sometimes up to a hundred times a day. The 
pain usually occurs in a speeifie zone of the faee, such as around 
the mouth and nose. It may be triggered by touch, drinking, tooth 
brushing, or washing the faee. Analgesies (pain relievers) give only 
limited relief. Severe eases are treated by cutting the nerve, butthis 
also deadens most other sensation in that side of the faee. 


8e// 50 palsy is a degenerative disorder of the faeial nerve, 
probably due to a virus. It is eharaeterized by paralysis of the 
faeial muscles on one side with resulting distortion of the faeial 
features, such as sagging of the mouth or lower eyelid. The 
paralysis may interfere with speeeh, prevent closure of the eye, 
and sometimes inhibit tear seeretion. There may also be a partial 
loss of the sense of taste. Bell palsy may appear abmptly, some- 
times overnight, and often disappears spontaneously within 3 to 
5 weeks. 


47 fr/ = three; gem = born (trigem = triplets) 

48 neur = nerve; algia = pain - 

49 f/c = twitch, spasm; douloureux = painful (Freneh) 50 Sir Charles Bell (1774-1842), Seottish physieian 
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TABLE 15.3 The Oranial Nerves (continued) 


Infraorbital 

nerve 


Superior 
alveolar nerves 


Lingual nerve 


Inferior 
alveolar nerve 





Ophthalmie division (V^) 

Trigeminal ganglion 

Trigeminal nerve (V) 
Maxillary division (V 2 ) 

Mandibular division (V 3 ) 



Distribution of sensory 
fibers of eaeh division 


Anterior trunk of V 3 to 
chewing muscles 


Temporalis muscle 


Lateral pterygoid muscle 


Medial pterygoid muscle 


Masseter muscle 


Anterior belly of 
digastrie muscle 


Inset shows motor branehes 
of the mandibular division (V 3 ) 


Figure 15.29 The Trigeminal Nerve (V). AF I R 


VI. Abducens 51 Nerve (ab-DOO-senz). This nerve eontrols a muscle that turns the eyeball laterally. 


Oomposition 

Function 

Origin 

Termination 

Oranial Passage 

Predominantly 

Lateral eye 

Inferior 

Lateral rectus 

Superior orbital 

motor 

movement 

pons 

muscle of eye 

fissure 


Effeet of Damage 


Inability to turn eye laterally; at rest, 
eye turns medially because of aetion 
of antagonistie muscles 


eiinieal 

Test 

Test 

lateral eye 
movement 



Lateral rectus muscle 


Abducens nerve (VI) 


Figure 15.30 The Abducens Nerve (VI). 



51 oò = away; duc = to lead or turn 
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TABLE 15.3 

The Oranial Nerves (continued) 




VII. Faeial Nerve. 

This is the major motor neive of the faeial muscles. It divides into five prominent branehes: temporal, zygomatie, buccal, mandibular, and eervieal. 

Composition 

Function 

Origin 

Termination 

Oranial 

Passage 

Effeet of Damage 

Clinical Test 

Mixed 

Sensory: 

Sensory: 

Sensory: Thalamus 

Internal acoustic 

Inability to eontrol 

Test anterior two- 


Taste 

Taste buds 

Motor: Somatie fibers 

meatus and 

faeial muscles; 

thirds of tongue with 


Motor: 

of anterior 

to digastrie muscle, 

stylomastoid 

sagging due to loss 

substances such as 


Faeial 

two-thirds 

stapedius muscle of 

foramen 

of muscle tone; 

sugar, salt, vinegar, and 


expression; 

of tongue 

middle ear, stylohyoid 


distorted sense of 

quinine; test response of 


seeretion of 

Motor: 

muscle, muscles of faeial 


taste, espeeially for 

tear glands to ammonia 


tears, saliva, 

Pons 

expression. Autonomic 


sweets 

fumes; test subject’s 


nasal and 


fibers to submandibular 



ability to smile, frown, 


oral mucus 


and sublingual salivary 



whistle, raise eyebrows, 




glands, tear glands, nasal 
and palatine glands. 



elose eyes, ete. 


Faeial nerve (VII) 

Geniculate ganglion 

Pterygopalatine ganglion 

Laerimal (tear) gland 

Chorda tympani 
braneh (taste and 
salivation) 


Submandibular ganglion 


Sublingual gland 


Parasympathetie fibers 


Submandibular gland 



(a) 


Temporal 



Zygomatie 


Buccal 


Mandibular 


CD 


eo 

Oì 

o 


Cervical 


en 

TD 

CO 

Ó 

CD 

O 

CD 

O 



(O 

o 


eo 

ó 

o 


© 


(b) 

Figure 15.3 The Faeial Nerve (VII). (a) The faeial nerve and assoeiated organs. 

(b) The five major branehes of the faeial nerve. (e) A way to remember the distribution of 
the five major branehes. AP R 


(e) 






























TABLE 15.3 


The Oranial Nerves (continued) 



VIII. Vestibulocochlear 52 Nerve (vess-TIB-you-lo-COC-lee-ur). This is the nerve of hearing and equilibrium, but it also has motor fibers that 
lead to eells of the eoehlea that tune the sense of hearing (see ehapter 17). 


Composition 

Fiinetion 

Origin 

Termination 

Oranial Passage 

Effeet of Damage 

eiinieal Test 

Predominantly 

sensory 

Hearing and 
equilibrium 

Sensory: Cochlea, 
vestibule, and 
semicircular ducts 

Sensory: Fibers for hearing 
end in medulla; fìbers for 
equilibrium end atjunction 

Internal acoustic 

meatus 

Nerve deafness, 
dizziness, nausea, 
loss of balanee, and 

Look for 
nystagmus; 
test hearing, 


of inner 
ear 

Motor: Pons 


of medulla and pons 

Motor: Outer hair eells of 
eoehlea of inner ear 


nystagmus (involuntary balanee, and 
rhythmie oseillation of ability to walk 
eyes from side to side) a straight line 



Vestibular ganglia 
Vestibular nerve 
Cochlear nerve 


Vestibulocochlear 
nerve (VIII) 


Internal 

acoustic meatus 

Cochlea 

Vestibule 


Figure 15.32 The Vestibulocochlear 

Nerve (VIII). AP!R_ 


IX. Glossopharyngeal 53 Nerve (GLOSS-oh-fah-RIN-jee-ul). This is a complex, mixed nerve with numerous sensory and motor functions in 
the head, neek, and thoraeie regions, including sensation from the tongue, throat, and outer ear; eontrol of food ingestion; and some aspeets of 
cardiovascular and respiratory function. 


Composition 


Mixed 


Function 

Origin 

Termination 

Oranial Passage 

Effeet of Damage 

eiinieal Test 

Sensory: Taste; 

Sensory: Pharynx; 

Sensory: Medulla 

Jugular foramen 

Loss of bitter and 

Test gag reflex, 

touch, pressure, 

middle and outer 

oblongata 


sour taste; impaired 

swallowing, 

pain and 

ear; posterior 

Motor: Parotid salivary 


swallowing 

and coughing; 

temperature 

one-third of 

gland; glands of posterior 



note any 

sensations from 

tongue (including 

tongue; stylopharyngeal 



speeeh 

tongue and outer 

taste buds); 

muscle (which dilates 



impediments; 

ear; regulation of 

internal earotid 

pharynx during 



test posterior 

blood pressure 

artery 

swallowing) 



one-third of 

and respiration 

Motor: Medulla 




tongue with 

Motor: 

oblongata 




bitter and sour 

Salivation, 

swallowing, 





substances 

gagging 







Figiire 15.3 The Glossopharyngeal Nerve (IX). APl R 



Glossopharyngeal nerve (IX) 

Superior ganglion 
Inferior ganglion 
Otie ganglion 
Parotid salivary gland 


Carotid sinus 


Pharyngeal muscles 


52 vestibul = entryway (vestibule of the inner ear); eoehlea = eoneh, snail 
(eoehlea of the inner ear) 


53 glosso = tongue; pharyng = throat 
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TABLE 15.3 


The Oranial Nerves (continued) 


X. Vagus 54 Nerve (VAY-gus). The vagus has the most extensive distribution of any eranial nerve, supplying not only organs in the head and 
neek but also most viseera of the thoraeie and abdominal body eavities. It plays major roles in the eontrol of eardiae, pulmonary, digestive, and 
urinary functions. 


Composition 

Function 

Origin 

Termination 

Oranial Passage 

Effeet of Damage 

eiinieal Test 

Mixed 

Sensory: Taste; 

Sensory: 

Sensory: 

Jugular foramen 

Hoarseness or loss 

Examine palatal 


sensations of 

Thoraeie and 

Medulla 


of voiee; impaired 

movements during 


hunger, fullness, 

abdominal 

oblongata 


swallowing and 

speeeh; eheek 


and gastrointestinal 

viseera, root of 

Motor: Tongue, 


gastrointestinal 

for abnormalities 


diseomfort 

tongue, pharynx, 

palate, pharynx, 


motility; fatal if both 

of swallowing, 


Motor: Swallowing, 

larynx, epiglottis, 

larynx, lungs, 


vagus nerves are 

absenee of gag 


speeeh, deeeleration 

outer ear, dura 

heart, liver, 


damaged 

reflex, weak hoarse 


of heart, broneho- 

mater 

spleen, 



voiee, inability to 


eonstrietion, gastro- 

Motor: Medulla 

digestive traet, 



cough forcefully 


intestinal seeretion 
and motility 

oblongata 

kidney, ureter 





Figure 15.34 TheVagus 

Nerve (X). AP^R 


Pharyngeal nerve 


Laryngeal nerve 


Carotid sinus 


Vagus nerve (X) 



Spleen 


Kidney 


Colon 
(proximal portion) 


Small intestine 


54 


vag = vvandering 

















TABLE 15.3 


The Oranial Nerves (continued) 


XI. Aeeessory Nerve. This nerve takes an unusual path. It arises from the upper spinal eord and not at all from the brain; therefore, strietly speaking, it is not a 
true eranial nerve. It aseends alongside the spinal eord, enters the eranial eavity through the foramen magnum, then exits the cranium through the jugular 
foramen, bundled with the vagus and glossopharyngeal nerves. The aeeessory nerve eontrols mainly swallowing and neek and shoulder muscles. 


Composition 

Function 

Origin 

Termination 

Oranial Passage 

Effeet of Damage 

Clinical Test 

Predominantly 

motor 

Swallowing; 
head, neek, 
and shoulder 

movements 

Medulla 
oblongata 
and spinal 
eord 

segments 

C1 to C6 

Palate; pharynx; 
trapezius and 
sternoeleidomastoid 

muscles 

Jugular foramen 

Impaired movement of 
head, neek, and shoulders; 
difficulty shrugging shoulder 
on damaged side; paralysis of 
sternoeleidomastoid, causing 
head to turn toward injured side 

Test ability to 
rotate head 
and shrug 
shoulders 
against 
resistanee 


Figure 15.35 The Aeeessory Nerve (XI). 

Posterior view. ÁP!R_ 


Jugular 
foramen 


Foramen 

magnum 


Spinal nerves 
C3 and C4 


Vagus nerve 



Aeeessory nerve (XI) 


Sternoeleidomastoid 

muscle 


Trapezius muscle 


Posterior view 


XII. Hypoglossal 55 Nerve (HY-po-GLOSS-ul). This nerve eontrols tongue movements. 


Oomposition Function 

Origin 

Termination 

Oranial Passage 

Effeet of Damage eiinieal Test 

Predominantly Tongue 

motor movements 

of speeeh, 
food 

manipulation, 

and 

swallowing 

Medulla 

oblongata 

intrinsie and extrinsic 
muscles of tongue 

Hypoglossal eanal 

Impaired speeeh and Note deviations 

swallowing; inability to protmde oftongue 

tongue if both right and left as subject 

nerves are damaged; deviation protmdes 

of tongue toward injured side, and retraets 

and atrophy on that side, if only it; test ability 
one nerve is damaged to protmde 

tongue against 
resistanee 


intrinsie muscles 
of the tongue 

Extrinsic muscles 
of the tongue 

Hypoglossal nerve (XII) 



Figure 15.36 The Hypoglossal Nerve (XII). APl Rj 


55 hypo = belovv; gloss = tongue 


















































chapter fifteen The Nervous System III: Brain and Cranial Nerves 


437 


An Aid to Memory 

Generations of biology and medieal students have relied on mne- 
monie (memory-aiding) phrases and ditties, ranging from the 
sublimely silly to the unprintably ribald, to help them remem- 
ber the eranial nerves and other anatomy. An old elassie began, 
í4 On old 01ympus’ towering tops . . . with the first letter of 
eaeh word matehing the first letter of eaeh eranial nerve (olfae- 
tory, optie, oculomotor, ete.). Some eranial nerves have ehanged 
names, however, sinee that passage was devised. A substitute 
now used by many students, taking the first letter of eaeh nerve’s 
name, is “Oh, onee one takes the anatomy final, very good vaea- 
tion ahead.” The first two letters of ahead represent nerves XI 
and XII. One of the author’s former students, now a neurologist, 
devised a mnemonie that ean remind you of the first two to four 
letters of most eranial nerves: 


Old 

olfaetory (I) 

Opie 

optie (II) 

oeeasionally 

oculomotor (III) 

tries 

troehlear (IV) 

trigonometry 

trigeminal (V) 

and 

abducens (VI) 

feels 

faeial (VII) 

very 

vestibulocochlear (VIII) 

gloomy, 

glossopharyngeal (IX) 

vague, 

vagus (X) 

and 

aeeessory (XI) 

hypoaetive. 

hypoglossal (XII) 


eiassifíeation 

Cranial nerves are traditionally elassified as sensory (I, II, and 
VIII), motor (III, IV, VI, XI, and XII), or mixed (V, VII, IX, 
and X). In reality, only eranial nerves I and II (for smell and vision) 
are purely sensory, whereas all the rest eontain both afferent and 
efferent fibers and are therefore mixed nerves. Those traditionally 
elassified as motor not only stimulate muscle eontraetions but also 
eontain afferent fibers of proprioeeption, which provide the brain 
with unconscious feedbaek for eontrolling muscle eontraetion and 
which make one consciously aware of such things as the position 
of the tongue and orientation of the head. Cranial nerve VIII, eon- 
eerned with hearing and equilibrium, is traditionally elassified as 
sensory, but also has motor fibers that return signals to the inner 
ear and U tune” it to sharpen one’s sense of hearing. The nerves 
traditionally elassified as mixed have sensory functions quite unre- 
lated to their motor functions—for example, the faeial nerve (VII) 
has a sensory role in taste and a motor role in eontrolling faeial 
expressions. 

In order to teaeh the traditional elassifieation (which is rel- 
evant for such purposes as board examinations and eomparison to 
other books), yet remind you that all but two of these nerves are 
mixed, table 15.3 deseribes many of the nerves as predominantly 
sensory or motor. 


Nerve Pathvvays 

Most motor fibers of the eranial nerves begin in nuclei of the brain- 
stem and lead to glands and muscles. The sensory fibers begin 
in reeeptors loeated mainly in the head and neek and lead mainly 
to the brainstem. Pathways for the speeial senses are deseribed in 
ehapter 17. Sensory fibers for proprioeeption begin in the muscles 
innervated by the motor fibers of the eranial nerves, but they often 
travel to the brain in a different nerve than the one that supplies the 
motor innervation. 

Most eranial nerves earry fibers between the brainstem and 
ipsilateral reeeptors and effeetors. Thus, a lesion on one side of the 
brainstem causes a sensory or motor defieit on the same side of the 
head. This eontrasts with lesions to the motor and somatosensory 
cortex of the eerebmm, which, as we saw earlier, cause sensory 
and motor defieits on the eontralateral side of the body. The excep- 
tions are the optie nerve (eranial nerve II), where half the fibers 
decussate to the opposite side of the brain (see ehapter 17), and the 
troehlear nerve (eranial nerve IV), in which all efferent fibers go to 
a muscle of the eontralateral eye. 

Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

21. List the purely sensory eranial nerves by name and number, 

and state the function of eaeh. 

22. What is the only eranial nerve to extend beyond the head- 

neek region? In general terms, vvhere does it lead? 

23. If the oculomotor, troehlear, or abducens nerve vvas dam- 

aged, the effeet would be similar in all three eases. What 
would that effeet be? 

24. Which eranial nerve earries sensory signals from the larg- 

est area of the faee? 

25. Name two eranial nerves involved in the sense of taste and 

deseribe where their sensory fibers originate. 




Developmental and Clinical 
Perspeetives 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe some ways in which neural function and 
eerebral anatomy ehange in old age; and 

b. discuss Alzheimer and Parkinson diseases at the levels 
of neurotransmitter function and brain anatomy. 


The Aging Central Nervous System 

In ehapter 13, we examined development of the nervous system 
at the beginning of life. As so many of us are regretfully aware, 
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the nervous system also exhibits some marked ehanges at the 
other end of the life span. It attains its peak development and 
effieieney around age 30. By age 75, the average brain weighs 
slightly less than half what it did at age 30. The eerebral gyri 
are narrower, the sulci are wider, the cortex is thinner, and there 
is more spaee between the brain and meninges. The remaining 
neurons show signs that their metabolism is slowing down, such 
as less rough ER and Golgi complex. Old neurons accumulate 
lipofuscin pigment and begin to show neurofibrillary tangles — 
dense mats of eytoskeletal elements in their eytoplasm. In the 
extracellular material, senile plaques appear, espeeially in people 
with Down syndrome and Alzheimer disease. The plaques are 
eomposed of eells and altered nerve fibers surrounding a eore of 
amyloid protein. 

Old neurons are also less effieient at signal conduction and 
transmission. The degeneration of myelin sheaths slows down 
conduction along the axon. The neurons have fewer synapses, and 
for multiple reasons, signals are not transmitted aeross the syn- 
apses as well as in the younger years: The neurons produce less 
neurotransmitter, they have fewer reeeptors, and the neuroglia 
around the synapses is more leaky and allows neurotransmitter 
to diffuse away. Target eells have fewer reeeptors for norepi- 
nephrine, and the sympathetie nervous system thus beeomes less 
able to regulate such variables as body temperature and blood 
pressure. 

Not all functions of the eentral nervous system are equally 
affeeted by aging. Language skills and long-term memory hold 
up better than motor eoordination, intellectual function, and short- 
term memory. Elderly people are often better at remembering 
things in the distant past than remembering reeent events. 


Two Neurodegenerative Diseases 

Like a maehine with a great number of moving parts, the nervous 
system is highly subject to malfunctions. Neurological disorders fill 
many volumes of medieal textbooks and ean hardly be touched upon 
here. We have eonsidered meningitis and two eranial nerve disor- 
ders in Deeper Insights 15.1 and 15.2; several other neurological 
disorders are briefly deseribed in table 15.4. We will elose with a 
brief look at two of the most eommon brain dysfunctions, Alzheimer 
and Parkinson diseases. Both of these relate to neurotransmitter 
imbalanees in the brain, and are eonsidered to be neurodegenerative 
diseases. A basie understanding of these two diseases lends added 
elinieal relevanee to some areas of the brain studied in this ehapter. 

Alzheimer 56 disease (AD) affeets about 11% of the U.S. popu- 
lation over the age of 65 and 47% by age 85. It accounts for nearly 
half of all nursing home admissions and is a leading cause of death 
among the elderly. AD may begin before the age of 50 with symp- 
toms so slight and ambiguous that early diagnosis is difficult. One 
of its first symptoms is memory loss, espeeially for reeent events. 
As the disease progresses, patients exhibit reduced attention span 
and may beeome disoriented and lost in previously familiar plaees. 
The AD patient may beeome moody, confused, paranoid, eombat- 
ive, or hallucinatory, and may eventually lose even the ability to 
read, write, talk, walk, and eat. Death ensues from pneumonia or 
other eomplieations of eonfinement and immobility. 

Diagnosis of AD is eonfirmed on autopsy. There is atrophy 
of some of the gyri of the eerebral cortex and hippocampus. Neu- 
rofibrillary tangles and senile plaques are abundant (fig. 15.37). 


56 Alois Alzheimer (1864-1915), German neurologist 


TABLE 15.4 Some Disorders Assoeiated with the Brain and Oranial Nerves 


Cerebral palsy Muscular ineoordination resulting from damage to the motor areas of the brain during fetal development, birth, or infaney; 

causes include prenatal rubella infeetion, drugs, and radiation exposure; oxygen defieieney during birth; and hydrocephalus 

Concussion Damage to the brain typieally resulting from a blow, often with loss of consciousness, disturbances of vision or equilibrium, 

and short-term amnesia 


Eneephalitis 

Epilepsy 

Migraine 

headaehe 

Sehizophrenia 


Inflammation of the brain, aeeompanied by fever, usually caused by mosquito-borne viruses or herpes simplex virus; 
causes neural degeneration and neerosis; ean lead to delirium, seizures, and death 

Disorder causing sudden, massive diseharge of neurons (seizures) resulting in motor convulsions, sensory and psyehie 
disturbances, and often impaired consciousness; may result from birth trauma, tumors, infeetions, drug or aleohol abuse, 
or eongenital brain malformation 

Recurring headaehes often aeeompanied by nausea, vomiting, dizziness, and aversion to light; often triggered by such 
faetors as weather ehanges, stress, hunger, red wine, or noise; more eommon in women and sometimes hereditary 

A thought disorder involving delusions, hallucinations, inappropriate emotional responses to situations, ineoherent 
speeeh, and withdrawal from soeiety, resulting from hereditary or developmental abnormalities in neural networks 


Disorders Deseribed Elsewhere 


Alzheimer 
disease 436 
Aphasia 423 
Bell palsy 431 
Brain tumors 360 
Cerebellar ataxia 423 


Cranial nerve injuries 429-436 
Hydrocephalus 104 
Meningitis 404 
Multiple selerosis 361 


Parkinson disease 422, 439 
Poliomyelitis 380 
Tay-Saehs disease 361 
Trigeminal neuralgia 431 
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Figure 15.31 Alzheimer Disease. (a) Brain of a person who died 
of AD. Note the shmnken gyri and wide sulci. (b) Cerebral tissue from a 
person with AD. Neurofibrillary tangles are present in the neurons, and 
a senile plaque is evident in the extracellular matrix. 


Cholinergic neurons are reduced in number and the level of aeetyl- 
eholine in affeeted areas of the brain is consequently low. Intense 
researeh efforts are currently geared toward identifying the cause 
of AD and developing treatment strategies. Researehers have iden- 
tified three genes on ehromosomes 1, 14, and 21 for various forms 
of early- and late-onset AD. 


Parkinson 57 disease (PD), also ealled paralysis agitans or 
parkinsonism, is a progressive loss of motor function typieally 
beginning in a person’s 50s or 60s. It is due to degeneration of 
dopamine-releasing neurons in the substantia nigra of the mid- 
brain. A gene has reeently been identified for a hereditary form 
of PD, but most eases are nonhereditary and of little-known 
cause. Dopamine is an inhibitory neurotransmitter that normally 
prevents excessive aetivity in the basal nuclei. Degeneration of 
the dopamine-releasing neurons leads to hyperaetivity of the basal 
nuclei and, therefore, involuntary muscle eontraetions. These 
take such forms as shaking of the hands (tremor) and compulsive 
í4 pill-rolling” motions of the thumb and fingers. In addition, the 
faeial muscles may beeome rigid and produce a staring, expres- 
sionless faee with a slightly open mouth. The patient’s range of 
motion diminishes. He or she takes smaller steps and develops a 
slow, shuffling gait with a forward-bent posture and a tendeney to 
fall forward. Speeeh beeomes slurred and handwriting beeomes 
eramped and eventually illegible. Tasks such as buttoning elothes 
and preparing food beeome inereasingly laborious. Patients ean- 
not be expected to reeover from PD, but dmgs, neurosurgery, and 
physieal therapy ean lessen the severity of its effeets. 


Before You Go On 

- • 

Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

26. Deseribe two respeets in which neurons function less effi- 

eiently in old age. 

27. Deseribe some ehanges seen in the brain with aging. 

28. Deseribe the neuroanatomical and behavioral ehanges 

seen in Alzheimer and Parkinson diseases. 


57 James Parkinson (1755-1824), British physieian 



Assess Your Learning Outcomes 


To test your knowledge, discuss thefollowing 
topies with a study partner or in writing, 
ideally from memory. 

15.1 Overview of the Brain (p. 399) 

1. The typieal weight of the adult brain 

2. The meanings of rostral and caudal in 
CNS anatomy 

3. The three prineipal regions of the brain— 
eerebmm, cerebellum, and brainstem 


4. Major landmarks of the brain, including 
the eerebral hemispheres, gyri and sulci, 
longitudinal and transverse eerebral fis- 
sures, and corpus callosum 

5. Loeations of the gray and white matter of 
the brain 

6. The meninges of the brain; how they dif- 
fer from those of the spinal eord; and the 
relationship of the dura mater to the dural 
sinuses 


7. The four ventrieles of the brain and their 
intereonneetions 

8. The functions, sources, flow, and reab- 
sorption of eerebrospinal fluid 

9. The constituents of the brain barrier sys- 
tem; its signifieanee in proteeting the 
brain tissue; the limitations of this protee- 
tion; and the signifieanee of the barrier 
system as an obstaele to the treatment of 
some brain diseases 
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15.2 The Hindbrain and Midbrain (p. 406) 

1. The loeation, anatomieal features, and 
functions of the medulla oblongata, pons, 
and midbrain 

2. The eomposition, loeation, and functions 
of the reticular formation 

3. The gross anatomy and histology of the 
cerebellum, its routes of input and output, 
and its functions 

15.3 The Forebrain (p. 413) 

1. The two eomponents of the forebrain and 
three eomponents of the dieneephalon 

2. The loeation and general organization of 
the thalarmis and its basie functions 

3. The loeation and general organization of 
the hypothalamus and its functions 

4. The loeation and eomponents of the epi- 
thalamus and their functions 

5. The major features of the eerebmm 

6. The boundaries and functions of the five 
lobes of the cerebrum 

7. The three types of fiber traets in the white 
matter of the eerebmm, and what distin- 
guishes the three from eaeh other 

8. The two types of neurons in the eerebral 
cortex, and what distinguishes the wide- 
spread neocortex from the more limited 
regions of paleocortex and archicortex 

9. The loeation, major eomponents, and gen- 
eral functions of the limbie system 

10. The names and loeations of the basal 
nuclei of the eerebmm, and their general 
function 


11. The distinetion between the primary 
cortex and the assoeiation areas of the 
eerebmm 

12. The eerebral loeations of primary and 
assoeiation cortex for eaeh of the speeial 
senses: vision, hearing, equilibrium, taste, 
and smell 

13. The somatosensory organization of the 
posteentral gyms; the somatotopie eor- 
respondenee between this gyms and the 
eontralateral side of the lower body; and 
the loeation and general function of the 
somatosensory assoeiation area 

14. The somatie motor organization of the 
preeentral gyms; the somatotopie eorre- 
spondenee between this gyms and the eon- 
tralateral side of the lower body; and the 
loeation and general function of the motor 
assoeiation area 

15. The loeations and functional relationship 
of upper and lower motor neurons 

16. The motor functions of the basal nuclei 
and cerebellum 

17. The loeations of the language eenters of 
the eerebmm and how they interaet in the 
eomprehension of language, thinking of 
what to say or write, and speaking 

18. Some causes of aphasia and some kinds of 
language defieit seen in aphasia 

19. The roles of the hypothalamus, amygdala, 
and prefrontal cortex in the experience and 
expression of emotion 

20. What is meant by eognitive fnnetion , and 
the roles of some brain areas in eognition 


21. Forms of memory; roles of the amygdala 
and hippocampus in memory; and regions 
of eerebral cortex assoeiated with various 
kinds of memory 

22. The speeialization of the two eerebral 
hemispheres for different eognitive, 
sensory, and motor functions, and the 
distinetion between eategorieal and repre- 
sentational functions 

15.4 The Cranial Nerves (p. 427) 

1. The names and numbers of the 12 pairs of 
eranial nerves, and ability to identify them 
on the base of the brain 

2. The origins, terminations, and functions of 
eaeh of the eranial nerves I through XII, 
and of the individual subdivisions of the 
trigeminal nerve 

15.5 Developmental and Clinical 
Perspeetives (p. 437) 

1. The eommon effeets of aging on the een- 
tral nervous system and the impaet of these 
effeets on one’s functionality and quality 
of life 

2. The signs and symptoms of Alzheimer dis- 
ease (AD); the histologieal effeets of AD 
that ean be seen at autopsy; the relation- 
ship of AD to neurotransmitter function; 
and the genetie contribution to AD 

3. The signs and symptoms of Parkinson dis- 
ease (PD); the histologieal effeets of PD 
that ean be seen at autopsy; the relation- 
ship of PD to neurotransmitter function; 
and some treatment approaehes to PD 


Testing Your Reeall 


1. Which of these is caudal to the 
hypothalarmis? 

a. the thalamus 

b. the optie ehiasm 

e. the eerebral aqueduct 

d. the pituitary gland 

e. the corpus callosum 

2. Hearing is assoeiated mainly with 

a. the limbie system. 

b. the prefrontal cortex. 
e. the oeeipital lobe. 

d. the temporal lobe. 

e. the parietal lobe. 

3. The blood-CSF barrier is formed by 

a. blood eapillaries. 

b. endothelial eells. 

e. protoplasmie astroeytes. 

d. oligodendroeytes. 

e. ependymal eells. 


4. The pyramids of the medulla oblongata 
eontain 

a. deseending eortieospinal fibers. 

b. commissural fibers. 

e. aseending spinoeerebellar fibers. 

d. fibers going to and from the 
eerebelhim. 

e. aseending spinothalamie fibers. 

5. Which of the following is not involved in 
vision? 

a. the temporal lobe 

b. the oeeipital lobe 

e. the midbrain tectum 

d. the troehlear nerve 

e. the vagus nerve 

6. While studying in a noisy eafeteria, you 
get sleepy and doze off for a few mimites. 
You awaken with a start and realize that all 
the eafeteria sounds have just “eome baek.” 


While you were dozing, this auditory input 
was bloeked from reaehing your auditory 
cortex by 

a. the temporal lobe. 

b. the thalamus. 

e. the reticular aetivating system. 

d. the medulla oblongata. 

e. the vestibulocochlear nerve. 

7. Because of a brain lesion, a eertain patient 
never feels full, but eats so excessively that 
she now weighs nearly 600 pounds. The 
lesion is most likely in her 

a. hypothalarmis. 

b. amygdala. 

e. hippocampus. 

d. basal nuclei. 

e. pons. 

8. The_is most elosely assoeiated with 

the cerebellum in embryonie development 
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and remains its primary soiiree of input 
fibers throughout life. 

a. teleneephalon 

b. thalamus 
e. midbrain 

d. pons 

e. medulla 

9. Damage to the_nerve could result in 

defeets of eye movement. 

a. optie d. faeial 

b. vagus e. abducens 

e. trigeminal 

10. All of the following except the_ 

nerve begin or end in the orbit. 

a. optie d. abducens 

b. oculomotor e. aeeessory 

e. troehlear 


11. The right and left eerebral hemispheres 
are eonneeted to eaeh other by a thiek 
C-shaped bundle of fibers ealled the 


12. The brain has four ehambers ealled_ 

filled with_f luid. 

13. In a sagittal seetion, the eerebellar white 

matter exhibits a branehing pattern ealled 
the_. 

14. Part of the limbie system involved in form- 

ing new memories is the_. 

15. Cerebrospinal fluid is seereted partly by a 

mass of blood eapillaries ealled the_ 

in eaeh ventriele. 

16. The primary motor area of the eerebram is 

the_gyras of the frontal lobe. 


17. Your personality is determined mainly by 
which lobe of the eerebram? 

18. Areas of eerebral cortex that identify or 
interpret sensory information are ealled 


19. Linear, analytieal, and verbal thinking 

occurs in the _ hemisphere of the 

eerebram, which is on the left in most 
people. 

20. The motor pattern for speeeh is generated 

in an area of cortex ealled the_and 

then transmitted to the primary motor eor- 
tex to be earried out. 

Answers in appendix A 


Bmlding Your Medieal Vocabulary 

State a medieal meaning of eaeh of the 4. pedunc- 

following word elements, and give a term in 5. insul- 

which it is used. 6. -ellum 

7. neo- 

&Y r " 8. quadri- 

2. sulc- 

3. eereb- 


9. foli- 
10. radiat- 


Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. The two hemispheres of the eerebram are 
separated from eaeh other by the transverse 
eerebral fissure. 

2. Degeneration of the substantia nigra 
causes Alzheimer disease. 

3. The midbrain is caudal to the thalamus. 


Testing Your Comprehension 

1. Which eranial nerve eonveys pain signals 
to the brain in eaeh of the following situa- 
tions: (a) sand blows into your eye; (b) you 
bite the rear of your tongue; and (e) your 
stomaeh hurts from eating too much? 

2. How would a lesion in the eerebellmn and 
a lesion in the basal nuclei differ in their 
effeets on skeletal muscle hmetion? 

3. Suppose that a neuroanatomist performed 
two experiments on an animal speeies with 


4. The Broea area is ipsilateral to the Wer- 
nieke area. 

5. Most of the eerebrospinal fluid is produced 
by the ehoroid plexuses. 

6. Hearing is a function of the oeeipital lobe. 

7. Respiration is eontrolled by nuclei in both 
the pons and medulla oblongata. 

8. The trigeminal nerve earries sensory 
signals from a larger area of the faee than 
the faeial nerve does. 


the same basie spinal and brainstem strae- 
ture as a human’s: In experiment 1, he selee- 
tively transeeted (cut aeross) the pyramids 
on the anterior side of the medulla oblon- 
gata; and in experiment 2, he seleetively 
transeeted the graeile and cuneate fasciculi 
on the posterior side. How would the out- 
eomes of the two experiments differ? 

4. A person ean survive destraetion of an entire 
eerebral hemisphere but eannot survive 


9. Unlike other eranial nerves, the vagus 
nerve extends far beyond the head-neek 
region. 

10. The optie nerve eontrols movements of 
the eye. 

Answers in appendix A 


destraetion of the hypothalamus, which is a 
much smaller mass of brain tissue. Explain 
this differenee and deseribe some ways that 
destraetion of a eerebral hemisphere would 
affeet one’s quality of life. 

5. What would be the most obvious effeets of 
lesions that destroyed eaeh of the follow- 
ing: (a) the hippocampus, (b) the amygdala, 
(e) the Broea area, (d) the oeeipital lobe, 
and (e) the hypoglossal nerve? 
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BRLISHING UP ^ 

To understand this ehapter, you may find it 
helpful to review the following eoneepts: 

• Innervation of smooth muscle (p. 256) 

• Overview of the nervous system (p. 352) 

• Neurotransmitters and reeeptors (p. 362) 

• General anatomy of nerves and ganglia 

(p. 380) 

• Branehes of the spinal nerves (p. 382) 

• The hypothalamus (p. 415) 

• The limbie system (p. 418) 

• Cranial nerves, espeeially III, VII, IX, 
and X (pp. 430-435) 
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CHAPTERSIXTEEN 


The Nervous System IV: Autonomic Nervous System and Viseeral Reflexes 


W e are consciously aware of many of the aetivities of our 

nervous system discussed in the preeeding ehapters— 
the general and speeial senses, our eognitive pro- 
eesses and emotions, and our voluntary movements. But there 
is another braneh of the nervous system that operates in eom- 
parative seereey, usually without our willing it, thinking about it, 
or even being able to consciously modify or suppress it. 

This seeret agent is ealled the outonomic nervous system (ANS). 
Its name means “self-governed,” 1 as it is almost fully independent of 
our will. Its job is to regulate such fundamental states and life pro- 
eesses as heart rate, blood pressure, body temperature, respiratory 
airflow, pupillary diameter, digestion, energy metabolism, defeea- 
tion, and urination. In short, the ANS quietly manages a multitude 
of unconscious proeesses responsible for the body’s homeostasis. 

Walter Cannon (1871-1945), the Ameriean physiologist who 
eoined such expressions as homeostosis and the fight-or-flight 
reoetion, dedieated his eareer to the study of the autonomic 
nervous system. He found that an animal ean live without a 
functional sympathetie nervous system (one of the two divisions 
of the ANS), but it must be kept warm and free of stress. It eannot 
regulate its body temperature, tolerate any strenuous exertion, 
or even survive on its own. Indeed, the ANS is more neeessary 
for survival than are many functions of the somatie nervous 
system; an absenee of autonomic function is fatal because 
the body eannot maintain homeostasis without it. Thus, for an 
understanding of bodily function, the mode of aetion of many 
drugs, and other aspeets of health eare, we must be espeeially 
aware of how the ANS works. 



General Properties 
of the Aiitonomie 
Nervous System 


Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. explain how the autonomic and somatie nervous 
systems differ in form and function; 

b. explain what a viseeral reflex is and deseribe some 
examples; and 

e. explain how the two divisions of the autonomic nervous 
system differ in general function. 


General Aetions 

The autonomic nervous system (ANS) ean be defined as a motor 
nervous system that eontrols glands, eardiae muscle, and smooth 
muscle. It is also ealled the viseeral motor system to distinguish 
it from the somatie motor system, which eontrols the skeletal mus- 
eles (see fig. 13.2, p. 352). The primary target organs of the ANS 


] outo = self; nom = rule 


are the viseera of the thoraeie and abdominopelvie eavities (such 
as the heart, lungs, and digestive and urinary traets) and some 
structures of the body wall (such as cutaneous blood vessels, sweat 
glands, and piloereetor muscles). 

The somatie and viseeral motor systems are often deseribed as 
voluntary and involuntary, respeetively. The somatie motor system 
innervates voluntary (skeletal) muscle, which is usually under the 
eontrol of one’s will (volition). Cardiac and smooth muscle are 
involuntary muscles; like glands, they are not usually subject to 
voluntary eontrol. This voluntary-involuntary distinetion is not, 
however, as clear-cut as it onee seemed. Some skeletal muscle 
responses are quite involuntary, such as the somatie reflexes, and 
some skeletal muscles are difficult or impossible to eontrol, such 
as the middle-ear muscles. On the other hand, therapeutic uses 
of biofeedbaek (see Deeper Insight 16.1) show that some people 
ean learn to voluntarily eontrol such viseeral functions as blood 
pressure. 

Viseeral effeetors do not depend on the autonomic nervous 
system to function, but only to adjust (modulate) their aetivity 
to the body’s ehanging needs. The heart, for example, goes on 
beating even if all autonomic nerves to it are severed, but the ANS 
modulates the heart rate in eonditions of rest and exercise. If the 
somatie nerves to a skeletal muscle are severed, the muscle exhibits 
flaeeid paralysis—it no longer eontraets at all. But if the autonomic 
nerves to eardiae or smooth muscle are severed, the muscle often 
exhibits exaggerated responses (denervation hypersensitivity). 


Viseeral Reflexes 

The ANS works through viseeral reflexes. These are unconscious, 
automatic, stereotyped responses to stimulation, much like the 
somatie reflexes discussed in ehapter 14, but involving viseeral 
reeeptors and effeetors and somewhat slower responses. Some 
authorities regard the viseeral afferent (sensory) pathways as part 
of the ANS, but most prefer to limit the term ANS to the efferent 
(motor) pathways. Regardless of this preferenee, however, autonomic 
aetivity involves a viseeral reflex are that includes reeeptors (nerve 
endings that deteet streteh, tissue damage, blood ehemieals, body 


DEEPER INSIGHT 


Biofeedbaek 



Biofeedbaek is a technique in which an instmment produces audi- 
tory or visual signals in response to ehanges in a subject’s blood 
pressure, heart rate, muscle tone, skin temperature, brain waves, 
or other physiologieal variables. It gives the subject awareness of 
ehanges that he or she would not ordinarily notiee. Some people 
ean be trained to eontrol variables such as their blood pressure 
or heart rate in order to produce a eertain tone or eolor of light 
from the apparatus. Eventually they ean eontrol them without the 
aid of the monitor. Biofeedbaek is not a quick, easy, infallible, or 
inexpensive cure for all ills, but it has been used successfully to 
treat hypertension, stress, and migraine headaehes. 
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temperature, and other internal stimuli), afferent neurons leading 
to the CNS, interneurons in the CNS, efferent neurons earrying 
motor signals away from the CNS, and finally effeetors. 

For example, high blood pressure aetivates a viseeral 

r\ 

baroreflex. It stimulates streteh reeeptors ealled baroreeeptors 
in the earotid arteries and aorta, and they transmit signals via the 
glossopharyngeal nerves to the medulla oblongata (fig. 16.1). The 
medulla integrates this input with other information and transmits 
efferent signals baek to the heart by way of the vagus nerves. The 
vagus nerves slow down the heart and reduce blood pressure, thus 
eompleting a homeostatie negative feedbaek loop. A separate 
baroreflex are aeeelerates the heart when blood pressure above the 
heart drops—for example, when we ehange from lying down to 
standing up and gravity draws blood away from the upper body. 

Another example of a viseeral reflex is the autonomic response 
to ehilling of the body. Cooling of the skin stimulates nerve 
endings ealled eold reeeptors. Nerve signals travel through spinal 
nerve fibers to the spinal eord and then up the spinothalamie 
traets to the brainstem. This input is direeted to the hypothalamie 


2 baro = pressure 



Integrating 

eenter 


(3)Vagus nerve 
transmits 
inhibitory 
signals 
to eardiae 
paeemaker 


Terminal 

ganglion 


(4)Heart rate 
deereases 


@ Glossopharyngeal 
nerve transmits signals 
to medulla oblongata 


(T) Baroreeeptors 
sense inereased 
blood pressure 


Internal earotid 



Effeetor 


Figure 16.1 An Autonomic Reflex Are in the Regulation of 
Blood Pressure. 


thermostat, a neural pool in the preoptie nucleus of the anterior 
hypothalamus. Neurons here also respond direetly to eooling of 
the blood that circulates through the hypothalamus. In response, 
they transmit signals to the heat-promoting eenter of the posterior 
hypothalamus. Output from the heat-promoting eenter travels 
by nerve fibers that deseend through the brainstem to the spinal 
eord and exit the eord through sympathetie pathways deseribed 
later in this ehapter. Sympathetie nerve fibers ultimately reaeh the 
blood vessels of the skin, stimulating eontraetion of the smooth 
muscle of the vessel walls. The resulting vasoeonstrietion diverts 
blood away from the skin surface, thus helping to reduce heat 
loss. Hypothalamie output ean also inerease muscle tone and 
induce shivering to generate additional body heat, but sinee this 
involves the skeletal muscles, it is a somatie reflex rather than 
a viseeral one. Both the viseeral and somatie eomponents of 
thermoregulation, however, admirably exemplify the negative 
feedbaek loops that maintain homeostasis: A deviation from the 
homeostatie set point is deteeted (ehilling of the body); signals 
are sent to neural integrating eenters (the preoptie nucleus and 
the heat-promoting eenter of the hypothalamus); and responses 
are aetivated (cutaneous vasoeonstrietion, inereased muscle tone, 
shivering) that return body temperature to the set point. 


Divisions of the Aiitonomie 
Nervous System 

The ANS has two divisions— sympathetie and parasympathetie. 
They differ in anatomy and function, but they often innervate the 
same target organs and have either antagonistie or eooperative 
effeets on them. The sympathetie division adapts the body in 
many ways for physieal aetivity—it inereases alertness, heart rate, 
blood pressure, pulmonary airflow, blood glucose eoneentration, 
and blood flow to eardiae and skeletal muscle, but at the same 
time, it reduces blood flow to the skin and digestive traet. Cannon 
referred to extreme sympathetie responses as the “fight-or-flight” 
reaetion because they eome into play when an animal must attaek, 
defend itself, or flee from danger. In our own lives, this reaetion 
occurs in many situations involving arousal, exercise, eompetition, 
stress, danger, trauma, anger, or fear. Ordinarily, however, the 
sympathetie division has more subtle effeets that we notiee 
barely, if at all. The parasympathetie division, by eomparison, 
has a ealming effeet on many body functions. It is assoeiated 
with reduced energy expenditure and normal bodily maintenanee, 
including such functions as digestion and waste elimination. 
This ean be thought of as the “resting-and-digesting” state. 

This does not mean that the body alternates between states in 
which one system or the other is aetive. Normally, both systems are 
aetive simultaneously. They exhibit a background rate of aetivity 
ealled autonomic tone, and the balanee between sympathetie tone 
and parasympathetie tone shifts in aeeordanee with the body’s 
ehanging needs. Parasympathetie tone, for example, maintains 
smooth muscle tone in the intestines and holds the resting heart 
rate down to about 70 to 80 beats/min. If the parasympathetie 
vagus nerves to the heart are cut, the heart beats at its own intrinsie 
rate of about 100 beats/min. Sympathetie tone keeps most blood 
vessels partially eonstrieted and thus maintains blood pressure. 
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A loss of sympathetie tone ean cause such a rapid drop in blood 
pressure that a person goes into shoek. 

Neither division has universally excitatory or ealming effeets. 
The sympathetie division, for example, excites the heart but 
inhibits digestive and urinary functions, while the parasympa- 
thetie division has the opposite effeets. 

Neural Pathvvays 

The ANS is often eategorized as part of the peripheral nervous 
system, but it has eomponents in both the eentral and peripheral 
nervous systems. It includes eontrol nuclei in the hypothalamus and 
other regions of the brainstem, motor neurons in the spinal eord and 
peripheral ganglia, and nerve fibers that travel through the spinal 
and eranial nerves. 

The autonomic motor pathway to a target organ differs sig- 
nifieantly from somatie motor pathways. In somatie pathways, a 
motor neuron in the brainstem or spinal eord issues a myelinated 
axon that reaehes all the way to a skeletal muscle. In autonomic 
pathways, the signal must travel aeross two nerve fibers to get to 
the target organ, and it must eross a synapse where the neurons 
meet in an autonomic ganglion (fig. 16.2). The first fiber, ealled 
the preganglionie fiber, leads from a soma in the brainstem or 
spinal eord to an autonomic ganglion outside the CNS. Here, it 
synapses with a neuron that issues a postganglionie fiber to the 
target eells. Autonomic preganglionie fibers are myelinated and 
the postganglionie fibers are unmyelinated. 


In eontrast to somatie motor nerve fibers, postganglionie fibers 
of the ANS do not end by synapsing with a speeifie target eell. 
Instead, they end in a ehain of beadlike varieosities that diffusely 
release neurotransmitter into the tissue and stimulate many eells 
simultaneously (see fig. 10.18, p. 256). 

Differenees between the somatie and autonomic nervous 
systems are summarized in table 16.1. 


Feature 

Somatie 

Autonomic 

Effeetors 

Skeletal muscle 

Glands, smooth 
muscle, eardiae muscle 

Control 

Usually voluntary 

Usually involuntary 

Efferent pathways 

One nerve fiber from 

Two nerve fibers from 


CNS to effeetor; no 

CNS to effeetor; synapse 


ganglia 

at a ganglion 

Distal nerve 

Neuromuscular 

Varieosities 

endings 

junctions 


Neurotransmitters 

Aeetyleholine (ACh) 

ACh and 

norepinephrine (NE) 

Effeet on target 
eells 

Always excitatory 

Excitatory or inhibitory 

Effeet of 

Flaeeid paralysis 

Denervation 

denervation 


hypersensitivity 


TABLE 16.1 


Comparison of the Somatie and 
Autonomic Nervous Systems 


Somatie efferent innervation 



Somatie effeetors 
(skeletal muscles) 


Autonomic efferent innervation 



Autonomic 

ganglion 



Viseeral effeetors 
(eardiae muscle, 
smooth muscle, 
glands) 


Figure 16.2 Comparison of Somatie and Autonomic Efferent Pathways. The entire distanee from CNS to effeetor is spanned by one neuron in 
the somatie system and two neurons in the autonomic system. Only aeetyleholine (ACh) is employed as a neurotransmitter by the somatie neuron 
and the autonomic preganglionie neuron, but autonomic postganglionie neurons ean employ either ACh or norepinephrine (NE). 
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Before You Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

1. How does the aiitonomie nervous system differ functionally 
and anatomieally from the somatie motor system? 

2. How does a viseeral reflex resemble a somatie reflex? How 
does it differ? 

3. What are the two divisions of the ANS? How do they func- 
tionally differ from eaeh other? 

4. Define preganglionie and postgangiionie fiber. Why are these 
terms not used in deseribing the somatie motor system? 



Anatomy of the Autonomic 
Nervous System 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. identify the anatomieal eomponents and nerve 
pathways of the sympathetie and parasympathetie 
divisions; 

b. discuss the relationship of the adrenal glands to the 
sympathetie nervous system; and 

e. deseribe the enterie nervous system of the digestive 

traet and explain its signifieanee. 

-- 


The Sympathetie Division 

The sympathetie division is also ealled the thoracolumbar divi- 
sion because it arises from the thoraeie and lumbar regions of the 
spinal eord. It has relatively short preganglionie and long post- 
ganglionie fibers. The preganglionie neurosomas are in the lateral 
horns and nearby regions of the gray matter of the spinal eord. 
Their fibers exit by way of spinal nerves T1 to L2 and lead to a 
nearby sympathetie ehain of ganglia (paravertebral 3 ganglia). 
This is a longitudinal series of ganglia adjaeent to eaeh side of the 
vertebral column from the eervieal to the eoeeygeal level. They are 
intereonneeted by longitudinal nerve eords ( igs. 16.3 and 16.4). 
The number of ganglia varies from person to person, but usually 
there are 3 eervieal ( superior ; middle, and inferior ), 11 thoraeie, 4 
himbar, 4 saeral, and 1 eoeeygeal ganglia in eaeh ehain. 

It may seem odd that sympathetie ganglia exist in the eervieal, 
saeral, and eoeeygeal regions eonsidering that sympathetie fibers 
arise only from the thoraeie and lumbar regions of the spinal 
eord (levels T1 to L2). But as shown in figure 16.4, nerve eords 
from the thoraeie region aseend to the ganglia in the neek, and 
eords from the lumbar region deseend to the saeral and eoeeygeal 
ganglia. Consequently, sympathetie nerve fibers are distributed 
to every level of the body. As a general mle, the head reeeives 
sympathetie output arising from spinal eord segment Tl, the neek 
from T2, the thorax and upper limbs from T3 to T6, the abdomen 
from T7 to Tll, and the lower limbs from T12 to L2. These nerve 
distributions, however, overlap and vary between individual people. 

In the thoracolumbar region, eaeh paravertebral ganglion is 
eonneeted to a spinal nerve by two branehes ealled communicating 


3 poro = nextto; vertebr = vertebral column 
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Figure 16.3 The Sympathetie Chain Ganglia. Right lateral view of the thoraeie eavity. (n. = nerve) 
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adipose tissue 
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Figure 16.4 Sehematieofthe 

Sympathetie Nervous System. All of the 

nerve pathvvays and named ganglia occur 
on both left and right. 

Does the sympathetie innervation ofthe 
lungs make a person inhale, exhaie, both, 
or neither? Explain your ansvver. 
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rami (fig. 16.5). The preganglionie fibers are small myelinated 
fibers that travel from the spinal nerve to the ganglion by way of 
the white eommimieating ramus, 4 which gets its eolor and name 
from the myelin. LJnmyelinated postganglionie fibers leave the gan- 
glion by various routes including a gray communicating ramus, 
named for its laek of myelin and duller eolor. This ramus forms a 
bridge baek to the spinal nerve. Postganglionie fibers travel by way 
of the gray ramus and spinal nerve to the target organs. 


Apply What You Know 

Would autonomic postganglionie fìbers have faster or slower 
conduction speeds than somatie motor fìbers? Why? (See hints 
in ehapter 13. Assume no signifieant differenee in fiber diameter.) 


After entering the sympathetie ehain, preganglionie fibers may 
follow any of three courses: 

• Some end in the ganglion that they enter and synapse imme- 
diately with a postganglionie neuron. 


4 ramus = braneh 


Some travel up or down the ehain and synapse in ganglia 
at other levels. It is these fibers that link the paravertebral 
ganglia into a ehain. They are the only route by which ganglia 
at the eervieal, saeral, and eoeeygeal levels reeeive input. 
Some pass through the ehain without synapsing and continue 
as splanehnie (SPLANK-nie) nerves, to be eonsidered shortly. 


Nerve fibers leave the paravertebral ganglia by three routes: 
spinal, sympathetie, and splanehnie nerves. These are numbered in 
figure 16.5 to eorrespond to the following deseriptions: 


1 j The spinal nerve route. Some postganglionie fibers exit 
a ganglion by way of the gray ramus, return to the spinal 
nerve or its subdivisions, and travel the rest of the way to 
the target organ. This is the route to most sweat glands, 
piloereetor muscles, and blood vessels of the skin and 
skeletal muscles. 


2 J The sympathetie nerve route. Other postganglionie 
fibers leave the ehain by way of sympathetie nerves that 
extend to the heart, lungs, esophagus, and thoraeie blood 
vessels. These nerves form a earotid plexus around eaeh 
earotid artery and issue fibers from there to effeetors in 
the head—including sweat, salivary, and nasal glands; 




Preganglionie neuron 
Postganglionie neuron 
Somatie neuron 


Soma of 
preganglionie 
neuron 


Somatie 
motor fiber 



To somatie effeetor 
(skeletal muscle) 


Soma of 
somatie motor 
neuron 


Splanehnie nerve 


Figure 16.5 Sympathetie Pathways 

(Right) Compared to Somatie Efferent 
Pathways (Left). Sympathetie fibers ean 
follow any of the three numbered routes: 

(1) the spinal nerve route, (2) the sympathetie 
nerve route, or (3) the splanehnie nerve route. 

Name the parts of the spinal eord vvhere 
the somas ofthe sympathetie and somatie 
efferent nearons are loeated. 
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piloereetor muscles; blood vessels; and dilators of the iris. 
Some fibers from the superior and middle eervieal ganglia 
form eardiae nerves to the heart. (The eardiae nerves also 
eontain parasympathetie fibers.) 

3) The splanehnie 5 nerve route. Some of the fibers that arise 
from spinal nerves T5 to T12 pass through the sympathetie 
ganglia without synapsing. Beyond the ganglia, they 
continue as splanehnie nerves, which lead to a seeond set 
of ganglia ealled eollateral (prevertebral) ganglia. Here 
the preganglionie fibers synapse with the postganglionies. 

The eollateral ganglia contribute to a network, the 
abdominal aortie plexus, wrapped around the aorta 
(fig. 16.6). There are three major eollateral ganglia in this 


5 splanchn = viseera 


plexus—the eeliae, superior mesenterie, and inferior 
mesenterie ganglia —loeated at points where arteries of 
the same names braneh off the aorta. The postganglionie 
fibers aeeompany these arteries and their branehes to the 
target organs. lable 16.2 summarizes the innervation to 
and from the three major eollateral ganglia. 

The term solar plexus is used by some authorities as 
a eolleetive name for the eeliae and superior mesenterie 
ganglia, and by others as a synonym for the eeliae ganglion 
only. The term eomes from the nerves radiating from the 
ganglion like rays of the sun. 

In summary, effeetors in the muscles and body wall are inner- 
vated mainly by sympathetie fibers in the spinal nerves; effeetors 
in the head and thoraeie eavity by sympathetie nerves; and effeetors 
in the abdominal eavity by splanehnie nerves. 
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(a) 

Figure 16.6 Abdominal Components of the Sympathetie Nervous System. (a) Collateral ganglia, abdominal aortie plexus, and adrenal glands. 
(b) The adrenal gland, frontal seetion. Only the adrenal medulla plays a role in the sympathetie nervous system; the adrenal cortex has unrelated 
roles deseribed in ehapter 18. 
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TABLE 16.2 Innervation To and From the Oollateral Ganglia 


Sympathetie Ganglia > Oollateral Ganglion > Postganglionie Target Organs 

Thoraeie ganglia 5 to 9 or 10 > Celiac ganglion > Stomaeh, spleen, liver, small intestine, and kidneys 

Thoraeie ganglia 9 and 10 > Celiac and superior mesenterie ganglia -> Small intestine, eolon, and kidneys 

Lumbar ganglia > Inferior mesenterie ganglion > Rectum, urinary bladder, and reproductive organs 


There is no simple one-to-one relationship between preganglionie 
and postganglionie neurons in the sympathetie division. For one thing, 
eaeh postganglionie eell may reeeive synapses from multiple pregan- 
glionie eells, thus exhibiting the prineiple of neural eonvergenee dis- 
cussed on page 364. Furthermore, eaeh preganglionie fiber branehes 
and synapses with multiple postganglionie fibers, thus showing neural 
divergenee. Most sympathetie preganglionie neurons synapse with 10 
to 20 postganglionie neurons. This means that when one pregangli- 
onie neuron fires, it ean excite multiple postganghonie fibers leading 
to different target organs. The sympathetie division thus tends to have 
relatively widespread effeets—as suggested by the name sympathetie . 6 

The Adrenal Glands 

The paired adrenal 7 8 (suprarenal) glands rest like hats on the supe- 
rior poles of the kidneys ( ig. 16.6a). Eaeh adrenal is actually two 
glands with different functions and embryonie origins. The outer 
rind, the adrenal cortex, seeretes steroid hormones discussed in 
ehapter 18. The inner eore, the adrenal medulla, is essentially a sym- 
pathetie ganglion (fig. 16.6b). It eonsists of modified postganglionie 
neurons without dendrites or axons. Sympathetie preganglionie fibers 
penetrate through the cortex and terminate on these eells. The sym- 
pathetie nervous system and adrenal medulla are so elosely related 
in development and function that they are referred to eolleetively as 
the sympathoadrenal system. The adrenal medulla seeretes a mixture 
of hormones into the bloodstream—about 85% epinephrine (adrena- 
line), 15% norepinephrine (noradrenaline), and a traee of dopamine. 

The Parasympathetie Division 

The parasympathetie division is also ealled the eraniosaeral divi- 
sion because it arises from the brain and saeral region of the spinal 
eord; its fibers travel in eertain eranial and saeral nerves. Somas of 
the preganglionie neurons are loeated in the midbrain, pons, medulla 
oblongata, and segments S2 to S4 of the spinal eord (fig. 16.7). 
They issue long preganglionie fibers that end in terminal ganglia 
in or near the target organ (see fig. 16.1). (If a terminal ganglion 
is embedded in the wall of a target organ, it is also ealled an 
intramuraf’ ganglion.) Thus, the parasympathetie division has long 
preganglionie fibers, reaehing almost all the way to the target eells, 
and short postganglionie fibers that eover the rest of the distanee. 

There is some neural divergenee in the parasympathetie divi- 
sion, but much less than in the sympathetie. The parasympathetie 
division has a ratio of fewer than five postganglionie fibers to 
every preganglionie fiber. Furthermore, the preganglionie fiber 

6 sym = together; path = feeling 

7 ad = near; ren = kidney 

8 intra = within; mur = wall 


reaehes the target organ before even this slight divergenee occurs. 
The parasympathetie division is therefore more seleetive than the 
sympathetie in its stimulation of target organs. 

Parasympathetie fibers leave the brainstem by way of the fol- 
lowing four eranial nerves. The first three supply all parasympa- 
thetie innervation to the head, and the last one supplies viseera of 
the thoraeie and abdominopelvie eavities. 

1. Oculomotor nerve (III) (see page 430). The oculomotor 
nerve earries parasympathetie fibers that eontrol the lens 
and pupil of the eye. The preganglionie fibers enter the orbit 
and terminate in the eiliary ganglion behind the eyeball. 
Postganglionie fibers enter the eyeball and innervate the 
eiliary muscle, which thiekens the lens, and the pupillary 
eonstrietor, which narrows the pupil. 

2. Faeial nerve (VII) (see page 433). The faeial nerve earries 
parasympathetie fibers that regulate the tear glands, salivary 
glands, and nasal glands. Soon after the faeial nerve emerges 
from the pons, its parasympathetie fibers split away and 
form two smaller branehes. The superior braneh ends at the 
pterygopalatine ganglion near the junction of the maxilla and 
palatine bone. Postganglionie fibers then continue to the tear 
glands and glands of the nasal eavity, palate, and other areas of 
the oral eavity. The inferior braneh, ealled the ehorda tympani, 
erosses the middle-ear eavity and ends at the submandihular 
ganglion near the angle of the mandible. Postganglionie fibers 
from here supply salivary glands in the floor of the mouth. 

3. Glossopharyngeal nerve (IX) (see page 434). The 

glossopharyngeal nerve earries parasympathetie fibers 
eoneerned with salivation. The preganglionie fibers leave 
this nerve soon after its origin and form the tympanie nerve. 

A continuation of this nerve erosses the middle-ear eavity 
and ends in the otie 9 ganglion near the foramen ovale. The 
postganglionie fibers then follow the trigeminal nerve to the 
parotid salivary gland]\\si in front of the earlobe. 

4. Vagus nerve (X) (see page 435). The vagus nerve earries 
about 90% of all parasympathetie preganglionie fibers. 

It travels down the neek and forms three networks in the 
mediastinum—the eardiae plexus, which supplies fibers to 
the heart; the pulmonary plexus, whose fibers aeeompany 
the bronehi and blood vessels into the lungs; and the 
esophageal plexus, whose fibers regulate swallowing. 

At the lower end of the esophagus, the esophageal plexus 
gives off anterior and posterior vagal trunks, eaeh of which 
eontains fibers from both the right and left vagus nerves. 

These penetrate the diaphragm, enter the abdominal eavity, 


9 of = ear; /e = pertaining to 
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Figure 16.7 Sehematieofthe 

Parasympathetie Nervous System. All of 

the nerve pathvvays and named ganglia 
occur on both left and right. 
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and contribute to the extensive abdominal aortie plexus 
mentioned earlier. As noted earlier, sympathetie fibers synapse 
here. The parasympathetie fibers, however, pass through the 
plexus without synapsing. They synapse farther along, in 
terminal ganglia in or near the liver, panereas, stomaeh, small 
intestine, kidney, ureter, and proximal half of the eolon. 

The remaining parasympathetie fibers arise from levels S2 to S4 
of the spinal eord. They travel a short distanee in the anterior rami 
of the spinal nerves and then form pelvie splanehnie nerves that 
lead to the inferior hypogastrie plexus. Some parasympathetie 
fibers synapse here, but most pass through this plexus and travel by 
way of pelvie nerves to the terminal ganglia in their target organs: 
the distal half of the large intestine, the rectum, urinary bladder, 
and reproductive organs. With few exceptions, the parasympathetie 
system does not innervate body wall structures (sweat glands, 
piloereetor muscles, or cutaneous blood vessels). 

The sympathetie and parasympathetie divisions of the ANS are 
eompared in table 16.3. 


Apply What You Know 

Would autonomic functions be affeeted if the anterior roots of 
the eervieal spinal nerves were damaged? Why or why not? 


The Enterie Nervous System 

The digestive traet has a nervous system of its own ealled the 
enterie 10 nervous system. Unlike the ANS proper, it does not arise 
from the brainstem or spinal eord, but like the ANS, it innervates 
smooth muscle and glands. Opinions differ on whether it should be 
eonsidered part of the ANS. It eonsists of about 100 million neurons 
embedded in the wall of the digestive traet (see photograph on 
p. 442)—perhaps more neurons than there are in the spinal eord— 
and it has its own reflex ares. The enterie nervous system regulates 
motility of the esophagus, stomaeh, and intestines and the seeretion 
of digestive enzymes and aeid. To function normally, however, these 


DEEPER INSIGHT 



Megaeolon 

The importanee of the enterie nervous system beeomes vividly 
elear when it is absent. Such is the ease in a hereditary defeet 
ealled Hirsehspmng e/Zseose. 11 During normal embryonie devel- 
opment, neural erest eells migrate to the large intestine and 
establish the enterie nervous system. In Hirschsprung disease, 
however, they fail to supply the distal parts of the large intestine, 
leaving the sigmoid eolon and rectum (see fig. 24.16, p. 672) 
without enterie ganglia. In the absenee of these ganglia, the 
sigmoidoreetal region laeks motility, eonstriets permanently, and 
resists the passage of feees. Feees accumulate and beeome 
impaeted above the eonstrietion, resulting in megoeolon— 
a massive dilation of the bowel aeeompanied by abdominal 
distension and ehronie eonstipation. The most life-threatening 
eomplieations are eolonie gangrene, perforation of the bowel, 
and baeterial infeetion of the peritoneum (peritonitis). The treat- 
ment of ehoiee is surgical removal of the affeeted segment and 
attaehment of the healthy eolon direetly to the anal eanal. 

Hirschsprung disease is usually evident even in the newborn, 
which fails to have its first bowel movement. It affeets four times 
as many infant boys as girls, and although its ineidenee in the 
general population is about 1 in 5,000 live births, it occurs in 
about 1 out of 10 infants with Down syndrome. 

Hirschsprung disease is not the only cause of megaeo- 
lon. In Central and South Ameriea, biting inseets ealled kissing 
bugs transmit parasites ealled tryponosomes to humans. These 
parasites, similartothe onesthatcause Afriean sleeping siekness, 
cause Chogos u diseose. Among other effeets, they destroy the 
autonomic ganglia of the enterie nervous system, leading to a 
massively enlarged and often gangrenous eolon. 


digestive aetivities also require regulation by the sympathetie and 
parasympathetie systems. The enterie nervous system is discussed 
in more detail in Deeper Insight 16.2 and ehapter 24. 


w enter = intestines; /'e = pertaining to 


TABLE 16.3 Comparison of the Sympathetie and 

Parasympathetie Divisions 


Feature 

Sympathetie 

Parasympathetie 

Origin in CNS 

Thoracolumbar 

Oraniosaeral 

Loeation of ganglia 

Paravertebral 
ganglia adjaeent to 
spinal column and 
prevertebral ganglia 
anterior to it 

Terminal ganglia 
near or within target 
organs 

Fiber lengths 

Short preganglionie 
Long postganglionie 

Long preganglionie 

Short postganglionie 

Neuronal divergenee 

Extensive 

Minimal 

Effeets of system 

Often widespread 
and general 

More loeal and 
speeifie 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

5. Explain why the sympathetie division is also ealled the 
thoracolumbar division even though its paravertebral ganglia 
extend all the way from the eervieal to the saeral region. 

6. Deseribe or diagram the structural relationships among the 
following: preganglionie fiber, postganglionie fiber, anterior 
ramus, gray ramus, white ramus, and paravertebral ganglion. 

7. Explain in anatomicaltermswhythe parasympathetiedivision 
affeets target organs more seleetively than the sympathetie 
division does. 

8. Traee the pathway of a parasympathetie fiber of the vagus 
nerve from the medulla oblongata to the small intestine. 


^Harald Hirschsprung (1830-1916), Danish physieian 
12 Carlos Chagas (1879-1934), Brazilian physieian 
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Autonomic Effeets 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be 
able to 

a. name the neurotransmitters employed by the ANS 
and define terms for neurons and synapses with 
different neurotransmitter and reeeptor types; 

b. in terms of neurotransmitters and reeeptors, explain 
why the two divisions of the ANS ean have eontrasting 
effeets on the same organs; 

e. explain how the two divisions of the ANS interaet 
when they both innervate the same organ; and 
d. deseribe how the eentral nervous system regulates 
the ANS. 


Neurotransmitters and Reeeptors 

As noted earlier, the two divisions of the ANS often have eon- 
trasting effeets on an organ. For example, the sympathetie 
division aeeelerates the heart, and the parasympathetie division 
slows it down. But this does not mean the sympathetie division 
is stimulatory and the parasympathetie division inhibitory to 
every organ. Eaeh division stimulates some organs and inhibits 
others. For example, the parasympathetie division stimulates the 
eontraetion of intestinal smooth muscle but inhibits eardiae muscle. 
The sympathetie division has the opposite effeets on these two 
muscular tissues. Several other examples of such eontrasting effeets 
are given in table 16.4. Cases in which one division has no effeet 
are usually because it provides little or no innervation to that tissue 
or organ. 

How ean different autonomic neurons have such eontrasting 
effeets? There are two fundamental reasons: (1) Sympathetie and 
parasympathetie neurons seerete different neurotransmitters, and 
(2) eells respond in different ways even to the same neurotransmitter 


TABLE 16.4 Effeets of the Sympathetie and Parasympathetie Nervous Systems 


Target 

Effeet of Sympathetie Division 

Effeet of Parasympathetie Division 

Pupil of eye 

Dilation 

Constriction 

Lens of eye 

Thinning for far vision 

Thiekening for near vision 

Laerimal (tear) glands 

None 

Seeretion 

Sweat glands 

Seeretion 

Usually no effeet but produces palmar sweating 

Piloereetor muscles 

Hair ereetion 

No effeet 

Heart rate 

inereased 

Deereased 

Blood vessels of most viseera 

Vasoeonstrietion 

Usually no effeet but dilates gastrointestinal blood vessels 

Blood vessels of skeletal 

muscles 

Vasodilation 

No effeet 

Blood vessels of skin 

Vasoeonstrietion 

Usually no effeet but dilates some faeial blood vessels, 
causing blushing 

Bronehioles 

Bronehodilation 

Bronehoeonstrietion 

Kidneys 

Reduced urine output 

No effeet 

Muscle of bladder wall 

No effeet 

Contraction, emptying bladder 

Salivary glands 

Thiek mucous seeretion 

Thin serous seeretion 

Gastrointestinal motility 

Deereased 

inereased 

Gastrointestinal seeretion 

Deereased 

inereased 

Liver 

Glyeogen breakdown 

Glyeogen synthesis 

Panereatie enzyme seeretion 

Deereased 

inereased 

Penis and elitoris 

Loss of ereetion 

Ereetion 

Ejaculation (smooth muscle 
roles—sperm propulsion and 
glandular seeretion) 

Stimulation 

No effeet 
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depending on what type of reeeptors they have for it. The basie 
eategories of autonomic neurotransmitters and reeeptors are as 
follows (fig. 16.8 and table 16.5). 

• Aeetyleholine (ACh). This neurotransmitter is seereted by the 
preganglionie neurons in both divisions and the postgangli- 
onie neurons of the parasympathetie division. A few sympa- 
thetie postganglionies also seerete ACh—those that innervate 
sweat glands and some blood vessels. Any nerve fiber that 
seeretes ACh is ealled a eholinergie (CO-li-NUR-jic) fiber, 
and any reeeptor that binds it is ealled a eholinergie reeeptor. 
There are two eategories of eholinergie reeeptors: 

• Muscarinic (MUSS-cuh-RIN-ic) reeeptors. These are 
named for muscarine, a mushroom toxin used in their 
diseovery. All eardiae muscle, smooth muscle, and gland 
eells that reeeive eholinergie innervation have muscarinic 
reeeptors. Because of different subclasses of muscarinic 
reeeptors, ACh excites some eells and inhibits others. 

• Nieotinie (NIC-oh-TIN-ic) reeeptors. These are named for 
another botanieal toxin helpful to their diseovery—nieotine. 
They occur at the synapses where autonomic preganglionie 
neurons stimulate the postganglionie eells; on eells of the 
adrenal medulla; and at the neuromuscular junctions of skeletal 
muscle fibers. ACh excites all eells with nieotinie reeeptors. 

• Norepinephrine (NE). This neurotransmitter is seereted by 
nearly all sympathetie postganglionie neurons. Nerve fibers 
that seerete it are ealled adrenergie fibers, and the reeeptors 
for it are ealled adrenergie reeeptors. (NE is also ealled 
noradrenaline, the origin of the term adrenergie.) There are 
two prineipal eategories of NE reeeptors: 

• a-adrenergic reeeptors. These usually have excitatory 
effeets. For example, the binding of NE to the alpha 
reeeptors of uterine muscle promotes labor eontraetions. 

• (3-adrenergie reeeptors. These are usually inhibitory. 

For example, the binding of NE to beta reeeptors inhibits 
intestinal motility. 

There are exceptions to both of these adrenergie effeets 
because of physiologieally different subclasses of both a- and 
(3-adrenergie reeeptors, but we will not delve into such details. 

Dual Innervation 

Most of the viseera reeeive nerve fibers from both the sympathetie 
and parasympathetie divisions and thus are said to have dual 
innervation. In such eases, the two divisions may have either 
antagonistie or eooperative effeets on the same organ. Antagonistie 
effeets oppose eaeh other. Thus, the sympathetie division dilates 
the pupil, and the parasympathetie division eonstriets it (fig. 16.9), 
among other examples already discussed and eontrasted in 
table 16.4. Cooperative effeets occur when the two divisions aet 
on different effeetor eells in an organ to produce a unified overall 
effeet. For example, the parasympathetie division stimulates 
the seeretion of salivary enzymes, and the sympathetie division 
stimulates the seeretion of salivary mucus. 

Dual innervation is not always neeessary for the ANS to pro- 
duce opposite effeets on an organ. The adrenal medulla, piloereetor 


(a) Parasympathetie fiber 


Nieotinie 

reeeptor 


ACh 



ACh 


Preganglionie Postganglionie Miisearinie 

neuron neuron reeeptor 


(b) Sympathetie adrenergie fiber 


Nieotinie 
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ACh 



Preganglionie 
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Postganglionie 
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Adrenergie reeeptor 


(e) Sympathetie eholinergie fiber 


Nieotinie 
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Postganglionie 
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Figure 16.8 Neurotransmitters and Reeeptors of the Autonomic 
Nervous System. (a) All parasympathetie fibers are eholinergie. 

(b) Most sympathetie postganglionie fibers are adrenergie; they seerete 
norepinephrine (NE), and the target eell bears adrenergie reeeptors. 
(e) A few sympathetie postganglionie fibers are eholinergie; they 
seerete aeetyleholine (ACh), and the target eell has eholinergie 
reeeptors of the muscarinic elass. 


TABLE 16.5 

Loeations of Oholinergie and Adrenergie 
Fibers in the ANS 

Division 

Preganglionie 

Postganglionie 

Fibers 

Fibers 

Sympathetie 

Always eholinergie 

Mostly adrenergie; a 
few eholinergie 

Parasympathetie 

Always eholinergie 

Always eholinergie 
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DEEPER INSIGHT 



Drugs and the Autonomic Nervous System 

The design of many drugs has been based on an iinderstanding of 
autonomic neurotransmitters and reeeptor elasses. Sympothomi- 
mef/es 13 are drugs that enhanee sympathetie aetion by stimulating 
adrenergie reeeptors or promoting norepinephrine release. 
For example, phenylephrine, found in such eold medieines 
as Dimetapp and Sudafed PE, aids breathing by stimulating 
eertain a-adrenergie reeeptors and thus dilating the bronehioles, 
eonstrieting nasal blood vessels, and reducing svvelling in 
the nasal mucosa. Sympotholyties 14 are drugs that suppress 
sympathetie aetion by inhibiting norepinephrine release or binding 
to adrenergie reeeptors without stimulating them. Propranolol, for 
example, is a /3-bloeker used to treat hypertension. It bloeks the 
aetion of epinephrine and norepinephrine on (3-adrenergie reeep- 
tors of the heart and blood vessels. 

Porosympothomimeties enhanee parasympathetie effeets. 
Piloearpine, for example, relieves glaucoma (excessive pressure 
within the eye) by dilating a vessel that drains fluid from the eye. 
Porosympotholyties inhibit ACh release or bloek its reeeptors. 
Atropine, for example, bloeks muscarinic reeeptors and is 
sometimes used to dilate the pupils for eye examinations and 
to dry the mucous membranes of the respiratory traet before 
inhalation anesthesia. It is an extract of the deadly nightshade 
plant, Atropo bellodonno . 15 Women of the Middle Ages used 
nightshade to dilate their pupils, which was regarded as a beauty 
enhaneement. 

The braneh of medieine that deals with the effeets of drugs on 
the nervous system—espeeially drugs that mimie, enhanee, or inhibit 
the aetion of neurotransmitters—is ealled neurophormocology. 


muscles, sweat glands, and many blood vessels reeeive only sym- 
pathetie fibers. An example of eontrol without dual innervation 
is the regulation of blood flow. The sympathetie fibers to a blood 
vessel have a baseline sympathetie tone that keeps the vessels in 
a state of partial eonstrietion ealled vasomotor tone (fig. 16.10). 
An inerease in sympathetie stimulation causes vasoeonstrietion 
by inereasing smooth muscle eontraetion. A drop in sympathetie 
stimulation allows the smooth muscle to relax and the vessel 
to dilate. 

Central Control of Aiitonomie Function 

In spite of its name, the ANS is not an independent nervous system. 
All of its output originates in the CNS, and it reeeives input from 
the eerebral cortex, hypothalamus, medulla oblongata, and somatie 
division of the PNS. 

Effeets of the eerebral cortex on autonomic function are evi- 
dent when anger raises the blood pressure, fear makes the heart 


u mimet = imitate, mimie 

14 /yf = break down, destroy 

15 òe//o = beautiful, fine; donna = woman 


Brain 



Parasympathetie fibers 
of oculomotor nerve (III) 
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eervieal 

ganglion 



Spinal eord 


Adrenergie 
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pupillary dilator 
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Figure 16.9 Dual Innervation of the Iris. Antagonistie effeets of the 
sympathetie (yellow) and parasympathetie (blue) divisions on the iris. 

Ifoperson is in a stote offeor, would you expect the pupils to be 
dilated or eonstrieted? Why? 


raee, thoughts of good food make the stomaeh mmble, and sexual 
thoughts or images inerease blood flow to the genitals. The limbie 
system (p. 418) is involved in many emotional responses and has 
extensive eonneetions with the hypothalamus, an important auto- 
nomie eontrol eenter. Thus, the limbie system provides a pathway 
eonneeting sensory and mental experiences with the autonomic 
nervous system. 

The hypothalamus eontains many nuclei for primitive auto- 
nomie functions, including hunger, thirst, thermoregulation, and 
sexual response. Artifieial stimulation of different regions of the 
hypothalamus ean aetivate the arousal response typieal of the 
sympathetie nervous system or have the ealming effeets typieal 
of the parasympathetie. Output from the hypothalamus travels 
largely to nuclei in more caudal regions of the brainstem and from 
there to the eranial nerves and the sympathetie preganglionie 
neurons in the spinal eord. 
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Before You Go On 
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(a) Vasoeonstrietion 



■ 
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11. 

(g) Smooth muscle 
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13. 
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16. 



(?) VVeaker 
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Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

To vvhat neurotransmitters do the terms odrenergie and 
eholinergie refer? 

Why is a single autonomic neurotransmitter able to have 
opposite effeets on different target eells? 

What are the tvvo vvays in vvhieh the sympathetie and para- 
sympathetie divisions ean interaet vvhen they both inner- 
vate the same target organ? Give examples. 

Hovv ean the sympathetie nervous system have eontrasting 
effeets in a target organ without dual innervation? 

What system in the brain eonneets our conscious thoughts 
and feelings with the autonomic eontrol eenters of the 
hypothalamus? 

List some autonomic responses that are eontrolled by 
nuclei in the hypothalamus. 

What are the roles of the midbrain, pons, and medulla in 
autonomic eontrol? 

Name some viseeral reflexes eontrolled by the spinal eord. 






16.4 



Developmental and 
eiínieal Perspeetives 


Expected Learning Outcomes 

When you have eompleted this seetion, you should be 
able to 


(b) Vasodilation 

Figure 16.10 Sympathetie and Vasomotor Tone. (a) Vasoeonstrietion 
in response to a high rate of sympathetie nerve firing. (b) Vasodilation 
in response to a low rate of sympathetie nerve firing. Smooth muscle 
relaxation allows blood pressure within the vessel to push the 
vessel wall outward. Blaek lines erossing eaeh nerve fiber represent 
aetion potentials, with a high firing frequency in (a) and a lower 
frequency in (b). 


a. deseribe the embryonie origins of the autonomic 
neurons and ganglia; 

b. deseribe some consequences of aging of the 
autonomic nervous system; and 

e. deseribe a few disorders of autonomic function. 


The midbrain, pons, and medulla oblongata house the nuclei 
of eranial nerves that mediate several autonomic responses: the 
oculomotor nerve (pupillary eonstrietion), faeial nerve (laerimal, 
nasal, palatine, and salivary gland seeretion), glossopharyngeal 
nerve (salivation, blood pressure regulation), and vagus nerve 
(the ehief parasympathetie supply to the thoraeie and abdominal 
viseera). 

The spinal eord also eontains autonomic eontrol nuclei. Such 
autonomic responses as the defeeation and micturition (urination) 
reflexes are regulated here. Fortunately, the brain is able to inhibit 
these responses consciously, but when injuries sever the spinal 
eord from the brain, the autonomic spinal reflexes alone eontrol 
the elimination of urine and feees. 


Development and Aging of the 
Autonomic Nervous System 

Preganglionie neurons of the autonomic nervous system develop 
from the neural tube deseribed in ehapter 13; their somas remain 
embedded in the brainstem and spinal eord for life. Autonomic 
ganglia and postganglionie neurons, however, develop from the 
neural erest adjaeent to the neural tube. During the fifth week 
of embryonie development, some neural erest eells migrate and 
assume positions alongside the vertebral bodies to beeome the sym- 
pathetie ehain ganglia; others assume positions alongside the aorta 
to form the abdominal aortie plexus; and others migrate to the 
heart, lungs, digestive traet, and other viseera to form the terminal 
ganglia of the parasympathetie division. 
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The adrenal medulla arises from eells that separate from a 
nearby sympathetie ganglion, and thus ultimately eomes from neu- 
ral erest (eetodermal) eells. During its development, the medulla 
is surrounded by eells of mesodermal origin that produce the outer 
layer of the adrenal gland, the adrenal cortex (which is not part of 
the autonomic nervous system). 

The effieieney of the ANS deelines in old age, like that of the 
rest of the nervous system (see ehapter 15). Target organs of the ANS 
have fewer neurotransmitter reeeptors in old age and are thus less 
responsive to autonomic stimulation. As a result, elderly people may 
experience dry eyes and more eye infeetions; slower and less effeetive 
adaptation of the eye to ehanging light intensities, and poorer night 
vision; less effieient eontrol of blood pressure; and reduced intestinal 
motility and inereasing eonstipation. Because of reduced effieieney of 
the baroreflex, deseribed earlier in this ehapter, some elderly people 
experience orthostatie hypotension, a drop in blood pressure when they 
stand up, sometimes causing dizziness, loss of balanee, or fainting. 


Disorders of the Autonomic 
Nervous System 

Table 16.6 deseribes some dysfunctions of the autonomic nervous 
system. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

17. How do the pre- and postganglionie neiirons of the ANS 

differ in embryonie origin? 

18. Briefly state how the intestines, eyes, and blood pressure 

are affeeted in old age by the deelining effieieney of the 
aiitonomie nervous system. 


TABLE 16.6 Some Disorders of the Aiitonomie Nervous System 


Aehalasia 16 of the eardia A defeet in autonomic innervation of the esophagus, resulting in impaired swallowing, aeeompanied by failure of 

the lower esophageal sphineter to relax and allow food to pass into the stomaeh. (The region of the stomaeh at its 
junction with the esophagus is ealled the eordio.) Results in enormous dilation of the esophagus and inability to keep 
food down. Most eommon in young adults; cause remains poorly understood. 

Horner 17 syndrome Chronic unilateral pupillary eonstrietion, sagging of the eyelid, withdrawal of the eye into the orbit, flushing of 

the skin, and laek of faeial perspiration. Results from lesions in the eervieal ganglia, upper thoraeie spinal eord, or 

brainstem that interrupt sympathetie innervation of the head. 

Raynaud 18 disease Oeeasional spasmodie eontraetions of the digital arteries, numbness, eoldness, and pain in the fingers or toes. 

The digits may at first appear eyanotie, but then redden, with throbbing and paresthesia (tingling, burning, or itehing 
sensations). Repeated and severe eases ean lead to brittle nails and oeeasionally to gangrene and a neeessity 
for amputation. Most eommon in young women and often triggered by emotional stress or brief exposure to eold. 
Sometimes treated by severing sympathetie nerves to affeeted regions. 

Disorders Deseribed Elsewhere 

Autonomic effeets of Chagas disease 452 Mass reflex reaetion 394 

oculomotor and vagus Hirsehspmng disease 452 Orthostatie hypotension 457 

nerve injuries 430, 435 


16 o = without; eholos = relaxation 

17 Johann F. Horner (1831-86), Swiss ophthalmologist 

18 Maurice Raynaud (1834-81), Freneh physieian 
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part three Integration and Control 



Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

16.1 General Properties of the Autonomic 
Nervous System (p. 443) 

1. The general fimetion and effeetors of the 
autonomic nervous system (ANS) 

2. The involuntary nature of the ANS 

3. The nature of viseeral reflex ares 

4. The eontrast between the general physi- 
ologieal effeets of the sympathetie and 
parasympathetie divisions of the ANS 

5. Autonomic tone and the simultaneous 
aetivity of the sympathetie and parasym- 
pathetie divisions 

6. The basie anatomieal eomponents of the ANS 

7. The two-neuron pathway of autonomic 
output 

16.2 Anatomy of the Autonomic Nervous 
System (p. 446) 

1. The spinal eord regions from which the 
sympathetie nervous system arises 

2. The anatomy of the sympathetie ehain of 
ganglia, including the number of ganglia 
at eaeh level and why the ehain extends 
to levels higher and lower than the spinal 
eord origins of sympathetie nerves 


3. The varied routes and terminations of the 
sympathetie preganglionie nerve fibers 
within and sometimes beyond the sympa- 
thetie ehain 

4. The plaee of the splanehnie nerves and 
abdominal aortie plexus in the sympathetie 
nervous system, and the three ganglia of 
the abdominal aortie plexus 

5. The degree of neural divergenee in the 
sympathetie division and the effeet of this 
on the stirmilation of target organs by this 
division 

6. The role of the adrenal medulla and its 
hormones in the sympathetie nervous 
system 

7. Identity of the eranial and spinal nerves 
that earry parasympathetie output 

8. The routes and destinations of the para- 
sympathetie fibers in eranial nerves III, 
VII, IX, and X, including the thoraeie and 
abdominal nerve plexuses through which 
the fibers of the vagus nerve pass 

9. The routes and destinations of the para- 
sympathetie fibers that arise from the 
saeral spinal eord, including the pelvie 
splanehnie nerves, inferior hypogastrie 
plexus, and pelvie nerves 

10. The loeation and function of the enterie 
nervous system 


16.3 Autonomic Effeets (p. 453) 

1. The determination of autonomic effeets on 
a target eell by a eombination of the neu- 
rotransmitter and the reeeptor type involved 

2. The definition of eholinergie nerve fibers 
and where they occur in the ANS 

3. The two elasses of eholinergie reeeptors 
and how they differ in their effeets 

4. The definition of adrenergie nerve fibers 
and where they occur in the ANS 

5. The two elasses of adrenergie reeeptors 
and how they differ in their effeets 

6. Cases of dual innervation of a target organ 
by the ANS and varied ways in which the 
sympathetie and parasympathetie divisions 
interaet when dual innervation occurs 

7. How the sympathetie division ean exert 
eontrasting effeets on a single target organ 
in the absenee of dual innervation 

8. The multiple levels of CNS eontrol over 
the autonomic nervous system 

16.4 Developmental and Oinieal 
Perspeetives (p. 456) 

1. Which eomponents of the ANS arise from 
the embryonie neural tube and which ones 
arise from the neural erest 

2. How ANS function ehanges with age, and 
the effeets of ANS aging on functionality 
and quality of life 


Testing Your Reeall 


1. The autonomic nervous system innervates 
all of these except 

a. eardiae muscle. 

b. skeletal muscle. 
e. smooth muscle. 

d. salivary glands. 

e. blood vessels. 

2. Muscarinic reeeptors bind 

a. epinephrine. 

b. norepinephrine. 
e. aeetyleholine. 

d. eholinesterase. 

e. neuropeptides. 

3. All of the following eranial nerves except 

the_earry parasympathetie fibers. 

a. vagus d. glossopharyngeal 

b. faeial e. hypoglossal 

e. oculomotor 


4. Which of the following eranial nerves ear- 
ries sympathetie fibers? 

a. oculomotor 

b. faeial 

e. trigeminal 

d. vagus 

e. none of the eranial nerves 

5. Which of these ganglia is not involved in 
the sympathetie division? 

a. intramural 

b. paravertebral 
e. eeliae 

d. inferior mesenterie 

e. superior eervieal 

6. Epinephrine is seereted by 

a. sympathetie preganglionie fibers. 

b. sympathetie postganglionie fibers. 

e. parasympathetie preganglionie fibers. 


d. parasympathetie postganglionie fibers. 

e. the adrenal medulla. 

7. The most important autonomic eontrol 
eenter in the CNS is 

a. the eerebral cortex. 

b. the limbie system. 
e. the midbrain. 

d. the hypothalamus. 

e. the sympathetie ehain ganglia. 

8. The gray communicating ramus eontains 

a. viseeral sensory fibers. 

b. parasympathetie motor fibers. 

e. sympathetie preganglionie fibers. 

d. sympathetie postganglionie fibers. 

e. somatie motor fibers. 
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9. The neural erest gives rise to all of the 
following except 

a. sympathetie ehain ganglia. 

b. the eeliae ganglion. 

e. parasympathetie preganglionie neurons. 

d. parasympathetie postganglionie neurons. 

e. the adrenal medulla. 

10. Which of these does not result from sym- 
pathetie stirmilation? 

a. dilation of the pupil 

b. aeeeleration of the heart 
e. digestive seeretion 

d. bronehodilation 

e. piloereetion 

11. Nerve fibers that seerete norepinephrine 

are ealled fibers. 


12. _is a state in which a target organ 

reeeives both sympathetie and parasympa- 
thetie fibers. 

13. _is a state of continual background 

aetivity of the sympathetie and parasym- 
pathetie divisions. 

14. Most parasympathetie preganglionie fibers 

are found in the_nerve. 

15. The digestive traet has a semi-independent 

nervous system ealled the_nervous 

system. 

16. The embryonie tissue that gives rise to all 
autonomic ganglia and postganglionie neu- 
rons, but not to any preganglionie neurons, 
is the 


17. The adrenal medulla eonsists of modified 

postganglionie neurons of the_ner- 

vous system. 

18. The sympathetie nervous system has short 

_and long_nerve fibers. 

19. Orthostatie hypotension is the result of 

ineffieieney of an autonomic reflex ealled 
the_. 

20. Sympathetie stimulation of blood vessels 

maintains a state of partial vasoeonstrie- 
tion ealled_. 

Answers in appendix A 


Building Your Medieal Vocabulary 


State a medieal meaning ofeaeh of the following 
word elements, and give a term in which it is used. 

1. nom- 

2. baro- 

3. splanehno- 


4. reno- 

5. path- 

6. para- 

7. lyt- 

8. auto- 


9. ram- 
10. mur- 


Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. The parasympathetie nervous system shuts 
down when the sympathetie nervous sys- 
tem is aetive, and viee versa. 

2. Some blood vessels of the skin reeeive 
parasympathetie innervation. 

3. Voluntary eontrol of the ANS is not possible. 


Testing Your Comprehension 

1. You are dieing raw onions while prepar- 
ing dinner, and the vapor makes your eyes 
water. Deseribe the afferent and efferent 
pathways involved in this response. 

2. Suppose you are walking alone at night 
when you hear a dog growling elose behind 
you. Deseribe the ways your sympathetie 
nervous system would prepare you to deal 
with this situation. 

3. Suppose the eardiae nerves were destroyed. 
How would this affeet the heart and the 
body’s ability to reaet to a stressful situation? 


4. The sympathetie nervous system stimu- 
lates digestion. 

5. Some sympathetie postganglionie fibers 
are eholinergie. 

6. Urination and defeeation eannot occur 
without signals from the brain to the blad- 
der and rectum. 

7. Some parasympathetie nerve fibers are 
adrenergie. 


4. What would be the advantage to a wolf 
in having its sympathetie nervous system 
stimulate the piloereetor muscles? What 
happens in a human when the sympathetie 
system stimulates these muscles? 

5. Pediatrie literature has reported eases of 
poisoning of ehildren with Lomotil, an 
antidiarrheal medieine. Lomotil works by 
means of the morphinelike effeets of its 
ehief ingredient, diphenoxylate, but it also 
eontains atropine. Considering the mode 


8. Parasympathetie effeets are more loealized 
and speeifie than sympathetie effeets. 

9. The parasympathetie division shows less 
neural divergenee than the sympathetie 
division does. 

10. The two divisions of the ANS have antago- 
nistie effeets on the iris. 

Answers in appendix A 


of aetion deseribed for atropine in Deeper 
Insight 16.3, why might it contribute to the 
antidiarrheal effeet of Lomotil? In atropine 
poisoning, would you expect the pupils to 
be dilated or eonstrieted? The skin to be 
moist or dry? The heart rate to be elevated 
or depressed? The bladder to retain urine 
or void uncontrollably? Explain eaeh 
answer. 
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A nyone who enjoys music, art, fine food, or a good eon- 

versation appreeiates the human senses. Yet their 
importanee extends beyond deriving pleasure from the 
environment. In the 1950s, behavioral seientists at Prineeton 
Llniversity studied the methods used by Soviet Communists to 
extract eonfessions from politieal prisoners, including solitary 
eonfinement and sensory deprivation. Student volunteers were 
immobilized in dark soundproof rooms or suspended in dark 
ehambers of water. In a short time, they experienced visual, 
auditory, and taetile hallucinations, ineoherent thought patterns, 
deterioration of intellectual performanee, and sometimes morbid 
fear or panie. Similar effeets are sometimes seen in burn patients 
who are immobilized and extensively bandaged (including the 
eyes) and thus suffer prolonged laek of sensory stimulation. 
Patients eonneeted to life-support equipment and eonfined under 
oxygen tents sometimes beeome delirious. In short, sensory input 
is vital to the integrity of the personality and intellectual function. 

Furthermore, much of the information communicated by the 
sense organs never eomes to our conscious attention—blood pres- 
sure, bodytemperature, and muscletension,forexample. By monitor- 
ing such eonditions, however, the sense organs initiate somatie and 
viseeral reflexes that are indispensable to homeostasis and to our 
very survival in a eeaselessly ehanging and ehallenging environment. 



Reeeptor Types and 
the General Senses 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. define reeeptor and sense orgon; 

b. outline three ways of elassifying sensory reeeptors; 

e. define generol senses, list several types, and deseribe 
their reeeptors; 

d. explain the meaning and relevanee of a sensory 
neuron’s reeeptive field; 

e. deseribe the pathways that the general senses take to 
the eerebral cortex; and 

f. deseribe the types of pain and its projeetion pathways. 


A sensory reeeptor is any structure speeialized to deteet a stimu- 
lus. Some reeeptors are simple nerve endings (dendrites), whereas 
others are sense organs —nerve endings eombined with eonnee- 
tive, epithelial, or muscular tissues that enhanee or moderate the 
response to a stimulus. Our eyes and ears are obvious examples 
of sense organs, but there are also innumerable mieroseopie sense 
organs in our skin, muscles, joints, and viseera. 

eiassifieation of Reeeptors 

Reeeptors ean be elassified by multiple overlapping systems: 

1. By modality (type of stimulus): 

• Thermoreeeptors respond to heat and eold. 


• Photoreeeptors, the eyes, respond to light. 

• Chemoreceptors respond to ehemieals, including odor, 
taste, and body fluid eomposition. 

• Noeieeptors 1 (NO-sih-SEP-turs) are pain reeeptors; they 
respond to tissue damage resulting from trauma (blows, 
cuts), isehemia (poor blood flow), or excessive stimulation 
by agents such as heat and ehemieals. 

• Meehanoreeeptors respond to physieal deformation of a 
tissue or eell caused by touch, pressure, streteh, tension, or 
vibration. They include the organs of hearing and balanee 
and many reeeptors of the skin, viseera, and joints. 

2. By the distribution of reeeptors in the body: 

• General (somatosensory, somesthetie) senses employ 
reeeptors that are widely distributed in the skin, muscles, 
tendons, joint capsules, and viseera. They deteet touch, 
pressure, streteh, heat, eold, and pain, as well as many 
stimuli that we do not pereeive consciously, such as blood 
pressure and blood ehemistry. Their reeeptors are relatively 
simple in structure—sometimes nothing more than a 

bare dendrite. 

• Speeial senses are mediated by relatively complex sense 
organs of the head, innervated by the eranial nerves. They 
include vision, hearing, equilibrium, taste, and smell. 

3. By the origins of the stimuli: 

• Exteroceptors sense stimuli external to the body; they 
include the reeeptors for vision, hearing, taste, smell, and 
the cutaneous (skin) senses such as heat, touch, and pain. 

• interoeeptors deteet stimuli in the internal organs such as 
the stomaeh, intestines, and urinary bladder and produce 
such feelings as viseeral pain, nausea, streteh, and pressure. 

• Proprioeeptors sense the position and movements of the 
body or its parts. They occur in muscles, tendons, and 
joint capsules. 

The General Senses 

Reeeptors for the general senses are relatively simple in structure 
and physiology. They eonsist of one or a few nerve fibers and usu- 
ally a sparse amount of eonneetive tissue. Depending on the absenee 
or presenee of eonneetive tissue, they are elassified as unencapsu- 
lated or encapsulated nerve endings, respeetively (table 17.1). Nine 
types of simple reeeptors for the general senses are deseribed here 
and illustrated in figure 17.1. 

Unencapsulated nerve endings are sensory dendrites that 
laek a eonneetive tissue wrapping. They include the following: 

• Free nerve endings— warm reeeptors, which respond to 
rising temperature; eold reeeptors, which respond to falling 
temperature; and noeieeptors, or pain reeeptors. These are 
bare dendrites unassociated with any speeifie aeeessory 
eells or tissues. They are most abundant in the skin and 
mucous membranes. They typieally show profuse, fine 
branehes that penetrate through the eonneetive tissue or 
between epithelial eells. 


doei = pain 
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TABLE 17.1 

Reeeptors of the General Senses 


Reeeptor Type 


Loeations 

Modality 

Unencapsulated endings 

Free nerve endings 


Widespread, espeeially in epithelia and eonneetive tissues 

Pain, heat, eold 

Taetile dises 


Stratum basale of epidermis 

Light touch, pressure 

Hair reeeptors 


Around hair folliele 

Light touch, movement of hairs 

Encapsulated nerve endings 


Taetile corpuscles 

End bulbs 
Bulbous corpuscles 

Lamellar corpuscles 

Muscle spindles 
Tendon organs 


Dermal papillae of fingertips, palms, eyelids, lips, tongue, 
nipples, and genitals 

Mucous membranes 

Dermis, subcutaneous tissue, and joint capsules 


Dermis, joint capsules, periosteum, breasts, genitals, and some 
viseera 

Skeletal muscles neartendon 
Tendons 


Light touch, texture 

Similar to taetile corpuscles 

Heavy continuous touch or pressure; joint 
movements 

Deep pressure, streteh, tiekle, vibration 

Tension in muscles (proprioeeption) 
Tension in tendons (proprioeeption) 






Taetile eell 


^Nerve ending 


% * 




■ • 


Free nerve endings 


Taetile dise 



Taetile corpuscle 



End bulb 



Lamellar corpuscle Muscle spindle 

Figure 17.1 Reeeptors of the General (Somatosensory) Senses. See table 17.1 for functions. 




Hair reeeptor 



Bulbous corpuscle 



Tendon organ 

































chapter seventeen The Nervous System V: Sense Organs 


463 


• Taetile dises —reeeptors for light touch and pressure on the 
skin. A taetile dise is a flattened nerve ending assoeiated with 
a speeialized taetile (Merkel) eell at the base of the epidermis. 

• Hair reeeptors (peritriehial 2 endings) —dendrites that eoil 
around a hair folliele and respond to movements of the hair. 
These are stimulated when, for example, an ant walks aeross 
one’s skin, bending one hair after another. However, they 
adapt quickly, so we are not eonstantly irritated by the feel 
of elothing against the skin. Hair reeeptors are particularly 
important in the eyelashes, where the slightest touch evokes 
a proteetive blink reflex. 

Encapsulated nerve endings are dendrites wrapped in glial 
eells or eonneetive tissue. Most of them are meehanoreeeptors for 
touch, pressure, and streteh. The eonneetive tissues around a sen- 
sory dendrite enhanee the sensitivity of the reeeptor or make it 
more seleetive with respeet to which type of stimulus it responds 
to. They include the following: 


Taetile corpuscles —reeeptors for light touch and texture. 

They are tall, ovoid to pear-shaped, and eonsist of two or three 
nerve fibers meandering upward through a mass of flattened 
Schwann eells. They occur in the dermal papillae of the skin 
and are limited to sensitive hairless areas such as the fingertips, 
palms, eyelids, lips, nipples, and parts of the genitals. Drag 
your fingernails lightly aeross your forearm and then aeross 
your palm. The differenee in sensation you feel is due to the 
high density of taetile corpuscles in your palmar skin. Taetile 
corpuscles enable you to tell the differenee between silk and 
sandpaper, for example, by light strokes of your fingertips. 

End bulbs —ovoid bodies eomposed of a eonneetive tissue 
sheath around a sensory nerve fiber. They are structurally and 
functionally similar to taetile corpuscles but occur in mucous 
membranes of the lips and tongue, in the conjunctiva of the 
eye surface, and in the epineurium of large nerves. 

Bulbous corpuscles —reeeptors for eonstant heavy pressure, 
stretehing of the skin, and joint movements. They are flattened, 
elongated capsules eontaining a few nerve fibers and are 
loeated in the dermis, subcutaneous tissue, and joint capsules. 
Lamellar (paeinian 3 ) corpuscles —reeeptors for vibration 
and perhaps joint movements, deep pressure, and stretehing 
of the skin. These are up to 1 or 2 mm long and look like 
a slieed onion in eross seetions. A single sensory dendrite 
travels through the eenter of the corpuscle. The innermost 
onionlike layers around it are flattened Schwann eells, but 
the greater bulk of the corpuscle eonsists of eoneentrie layers 
of fibroblasts with narrow fluid-filled spaees between them. 
Lamellar corpuscles occur in the periosteum of bone; in joint 
capsules; in the panereas and some other viseera; and deep in 
the dermis, espeeially on the hands, feet, breasts, and genitals. 
When you stroke a surface with the fingertips, the frietion 
ridges of the fingers ereate vibration that is deteeted by the 
lamellar corpuscles deeper in the skin, and this gives one a 
sense of the texture of the surface. 


2 peri = around; trieh = hair 

3 Filippo Paeini (1812-83), Italian anatomist 


• Muscle spindles —streteh reeeptors in the muscles that 
trigger a variety of somatie reflexes. A muscle spindle has 
an elongated fibrous capsule, about 4 to 10 mm long, with 
a fusiform shape (thiek in the middle and tapered at the 
ends). It eontains 3 to 12 modified muscle fibers ealled 
intrafusal fibers, which laek striations and the ability 

to eontraet except at the ends. Different types of sensory 
nerve fibers twine around the middle of the intrafusal fibers 
or have flowerlike endings that eontaet the ends of the 
muscle fibers. 

• Tendon organs —streteh reeeptors in tendons that proteet 
against tendon or muscle injury by responding to excessive 
streteh and inhibiting muscle eontraetion. A tendon organ is 
about 0.5 mm long and eonsists of an encapsulated bundle 
of small, loose eollagen fibers and one or more nerve fibers 
that penetrate the capsule. These nerve fibers end in flat- 
tened, leaflike proeesses between the eollagen fibers. 


The Reeeptive Field 

The area supplied by a single sensory neuron is ealled its reeeptive 
field. Any information arriving at the CNS by way of that neuron 
is interpreted as eoming from that field, no matter where in the 
field the stimulus is applied. Thus, the brain’s ability to determine 
the preeise loeation of a stimulus depends on the size of the field. 
Taetile (touch) reeeptors on your baek, for example, have reeep- 
tive fields as big as 7 em in diameter. Any touch within that area 
stimulates the same neuron (fig. 17.2a), so it is difficult to tell pre- 
eisely where the touch occurs. Being simultaneously touched at 
two points 1 or 2 em apart within the same field ean feel like a 
single touch. On the fingertips, by eontrast, the reeeptive fields may 
be less than 1 mm in diameter—that is, there is a higher density 
of taetile nerve fibers. Two points of eontaet only 2 mm apart 
would thus be felt separately (fig. 17.2b). Therefore, we say that 
the fingertips have finer two-point touch diserimination than the 
skin on the baek. This is emeial for such functions as feeling tex- 
tures and manipulating small objeets. The reeeptive field eoneept 
applies not only to touch, but also to other senses such as vision 
(the ability to see two points separately rather than blurred together 
into a single image). 


Apply What You Know 

Braille uses symbols eomposed of dots that are raised about 
1 mm from the page surface and spaeed about 2.5 mm apart, 
which a person seans with the fingertips. When a blind person 
reads braille, do you think he or she employs neurons with 
large reeeptive fields or small ones? Which type of sensory 
nerve ending do you think is most important in reading 
braille? Explain. 


Somatosensory Projeetion Pathways 

The pathways followed by sensory signals to their ultimate des- 
tinations in the CNS are ealled projeetion pathways. From the 
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Figure 17.2 Reeeptive Fields of Sensory Neurons. (a) A neuron with a large reeeptive field, as found in the skin of the baek. If the skin is 
touched in two nearby plaees within this field, the brain senses only one point of eontaet. (b) Neurons with small reeeptive fields, as found in the 
fingertips. Two nearby points of eontaet here are likely to stimulate different neurons and be felt as separate touches. 


reeeptor to the final destination in the brain, most somatosensory 
signals travel by way of three neurons ealled the first-, seeond-, 
and third-order neurons. Their axons are ealled first- through 
third-order nerve fibers. The first-order (afferent) fibers for touch, 
pressure, and proprioeeption are large, myelinated, and fast; those 
for heat and eold are small, unmyelinated or lightly myelinated, 
and slower. 

Somatosensory signals from the head, such as faeial sensations, 
travel by way of several eranial nerves (espeeially V, the trigeminal 
nerve) to the pons and medulla oblongata. In the brainstem, the 
first-order fibers of these neurons synapse with seeond-order 
neurons that decussate and end in the eontralateral thalamus. 
Third-order neurons then eomplete the route to the eerebmm. 
Proprioeeptive signals are an exception, as the seeond-order fibers 
earry these signals to the cerebellum. 

Below the head, the first-order fibers enter the posterior horn of 
the spinal eord. Signals aseend the spinal eord in the spinothalamie 
and other pathways detailed in ehapter 14. These pathways decus- 
sate either at or near the point of entry into the spinal eord or in the 
brainstem, so the primary somatosensory cortex in eaeh eerebral 
hemisphere reeeives signals from the eontralateral side of the body. 

Signals for proprioeeption below the head travel up the spino- 
eerebellar traets to the cerebellum. Signals from the thoraeie and 
abdominal viseera travel to the medulla oblongata by way of sen- 
sory fibers in the vagus nerve (eranial nerve X). Reeent researeh 
has shown that viseeral pain signals also aseend the spinal eord in 
the graeile fasciculus. 


Pain 

Pain is a diseomfort caused by tissue injury or noxious stimula- 
tion, and typieally leads to evasive aetion. It makes us conscious of 
potentially injurious situations or actual tissue injuries, allowing us 
to avoid injury or, failing that, to favor an injured region so that it 
has a better ehanee to heal (see Deeper Insight 17.1). 

Pain is not merely an effeet of overstimulation of somatosen- 
sory reeeptors. It has its own speeialized reeeptors (noeieeptors) 
and purpose. Noeieeptors are espeeially dense in the skin and 
mucous membranes and occur in virtually all organs, although not 
in the brain or liver. In some brain surgery, the patient must remain 
conscious and able to talk with the surgeon; such patients need 
only a loeal anesthetie. Noeieeptors do occur in the meninges of 
the brain, however, and play an important role in headaehes. 

There are two types of noeieeptors eorresponding to different 
pain sensations. Myelinated pain fibers conduct at speeds of 12 
to 30 m/s and produce the sensation of fast (first) pain —a feeling 
of sharp, loealized, stabbing pain pereeived at the time of injury. 
IJnmyelinated pain fibers conduct at speeds of 0.5 to 2.0 m/s and 
produce the slow (seeond) pain that follows—a longer-lasting, 
dull, diffuse feeling. Pain from the skin, muscles, and joints is 
ealled somatie pain, and pain from the viseera is ealled viseeral 
pain. The latter often results from streteh, ehemieal irritants, or 
isehemia (poor blood flow), and it is often aeeompanied by nausea. 

It is notoriously difficult for elinieians to loeate the origin of 
a patient’s pain because pain travels by such diverse and complex 
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chapter seventeen The Nervous System V: Sense Organs 



The Value of Pain 

Although we generally regard pain as undesirable, we would 
be far worse off without it. Leprosy (Hansen 4 disease) provides 
a good example of the proteetive function of pain. The infee- 
tion of nerves by leprosy baeteria abolishes the sense of pain 
from affeeted areas. People fail to notiee minor injuries such as 
serapes and splinter wounds. Their negleet of the wounds leads 
to serious seeondary infeetions that damage the bone and other 
deeper tissues. About 25% of untreated vietims suffer erippling 
losses offingers ortoes as a result. Diabetes mellitus is also noto- 
rious for causing nerve damage (diobetie neuropathy) and loss of 
pain, contributing to lesions that often turn gangrenous and eost 
people their limbs. 


routes and the sensation ean originate anywhere along the routes. 
Pain signals reaeh the brain by two main pathways, but there are 
multiple subroutes within eaeh of them: 

1. Pain signals from the head travel to the brainstem by way of 
four eranial nerves: mainly the trigeminal (V), but also the 
faeial (VII), glossopharyngeal (IX), and vagus (X) nerves. 
Trigeminal fibers enter the pons and deseend to synapses in the 
medulla. Pain fibers of the other three eranial nerves also end in 
the medulla. Seeond-order neurons arise here and aseend to the 
thalamus, which relays the message to the eerebral cortex. We 
will eonsider the relay from thalamus to cortex shortly. 

2. Pain signals from the neek down travel by way of three of 
the aseending spinal eord traets: the spinothalamie traet, 
spinoreticular traet, and graeile fasciculus. These pathways 
are deseribed in ehapter 14 and need not be repeated here (see 
table 14.1 and fig. 14.4, pp. 376-377). The spinothalamie 
traet is the most signifieant pain pathway and earries most 

of the somatie pain signals that ultimately reaeh the eerebral 
cortex, making us conscious of pain. The spinoreticular traet 
earries pain signals to the reticular formation of the brainstem, 
and these are ultimately relayed to the hypothalamus and 
limbie system. These pain signals aetivate viseeral, emotional, 
and behavioral reaetions to pain, such as nausea, fear, 
and some reflex responses. The graeile fasciculus has not 
been reeognized as a pain pathway until reeently. It earries 
signals to the thalamus for viseeral pain, such as the pain of 
a stomaehaehe or from passing a kidney stone. Figure 17.3 
shows the spinothalamie and spinoreticular pain pathways. 


When the thalamus reeeives pain signals from the foregoing 
sources, it relays most of them through third-order neurons to their 
final destinations in the posteentral gyrus of the eerebmm. Exactly 
what part of this gyms reeeives the signals depends on where the 
pain originated; reeall the eoneept of somatotopy and the sensory 
homunculus in ehapter 15 (see fig. 15.18, p. 421). Most of this 
gyms is somatosensory; that is, it reeeives signals for somatie pain 


4 Gerhard H. A. Hansen (1841-1912), Norvvegian physieian 



Primary somatosensory cortex 
Somatosensory assoeiation area 


Thalamus 


Third-order nerve fibers 


Hypothalamus and 
limbie system 


Reticular formation 


Seeond-order nerve fibers 


Spinothalamie traet 


Spinoreticular traet 


First-order 
nerve fiber 



Noeieeptor 


Spinal eord 


Anterolateral system 


Figure 17.3 Projeetion Pathways for Pain. A first-order nerve 
fiber conducts a pain signal to the posterior horn of the spinal eord, a 
seeond-order fiber conducts it to the thalamus, and a third-order fiber 
conducts it to the eerebral cortex. Signals from the spinothalamie traet 
pass through the thalarrms. Signals from the spinoreticular traet bypass 
the thalamus on the way to the sensory cortex. 

• Whot is the nome ofthe gyrus thot eontoins the primory 
somotosensory cortex? To vvhieh ofthe five lobes ofthe eerebmm 
does this gyrus belong? 


and other senses. A region of the gyms deep within the lateral sul- 
cus of the brain, however, is a viseerosensory area, which reeeives 
the signals of viseeral pain eonveyed by the graeile fasciculus. 

Pain in the viseera is often mistakenly thought to eome from 
the skin or other superficial sites—for example, the pain of a heart 
attaek is felt “radiating” along the left shoulder and medial side 
of the arm (fig. 17.4a). This phenomenon, ealled referred pain, 
results from the eonvergenee of neural pathways in the CNS. In 
the ease of eardiae pain, for example, spinal eord segments T1 to 
T5 reeeive input from the heart as well as the ehest and arm. Pain 
fibers from the heart and skin in this region eonverge on the same 
spinal interneurons, then follow the same pathway from there to the 
thalamus and eerebral cortex. The brain eannot distinguish which 
source the arriving signals are eoming from. It aets as if it assumes 
that signals arriving by this path are most likely eoming from the 
skin, sinee the skin has more pain reeeptors than the heart and suf- 
fers injury more often. Knowledge of the origins of referred pain is 
essential to the skillful diagnosis of organ dysfunctions (fig. 17.4b). 
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Figure 17.4 Referred Pain. (a) The pain of a heart attaek is often felt “radiating” down the left arm because the brain eannot distinguish whether 
the pain signals arise from the heart or from that area of skin. (b) Pain from the internal organs may be felt in speeifie areas of the skin. The pattern 
for women differs in some details from the one for men. 


One of the most remarkable phenomena in the sense of pain is that 
mortally wounded people, such as soldiers in eombat, often report that 
they feel little or no pain. This occurs because of a meehanism ealled 
the spinal gating of pain, in which pain signals from peripheral nerves 
are bloeked in the spinal eord and never reaeh the brain. 

The reticular formation gives rise to nerve fibers ealled 
deseending analgesie 5 (pain-relieving) fibers. They travel down 
the reticulospinal traets and synapse in the posterior horn of the 
spinal eord with the axons of the first-order pain neurons. Here, 
they seerete pain-relieving neurotransmitters ealled enkephalins 
and dynorphins, which inhibit the first-order pain neurons from 
releasing their own neurotransmitter. Pain signals are thus stopped 
at the first spinal synapse and do not reaeh the brain, so one feels 
less pain or none at all. 


Before You Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion. 

1. Distinguish between general and speeial senses. 

2. Three sehemes of reeeptor elassifieation were presented 
in this seetion. In eaeh seheme, how would you elassify the 
reeeptors for a full bladder? How would you elassify taste 
reeeptors? 

3. What stimulus modalities are deteeted by free nerve 
endings? 

4. Name any four encapsulated nerve endings and identify 
the stimulus modalities for which they are speeialized. 

5. Where do most seeond-order somatosensory neurons syn- 
apse with third-order neurons? 

6. How do the spinothalamie traet and reticulospinal traet dif- 
fer in their roles in the pereeption of pain? 




The Chemical Senses 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the anatomy of taste and smell 
reeeptors; and 

b. deseribe the projeetion pathvvays for these two 
senses. 


Taste and smell are the ehemieal senses. In both eases, environ- 
mental ehemieals bind to reeeptor eells and trigger nerve signals in 
eertain eranial nerves. Other ehemoreeeptors, not discussed in this 
seetion, are loeated in the brain and blood vessels and monitor the 
ehemistry of eerebrospinal fluid and blood. 


Taste 

Gustation, the sense of taste, begins with the ehemieal stimulation 
of sensory eells clustered in about 4,000 taste buds. Most of these 
are on the tongue, but some occur inside the eheeks and on the soft 
palate, pharynx, and epiglottis, espeeially in infants and ehildren. 
The visible bumps on the tongue are not taste buds but various types 
of lingiial papillae (fig. 17.5a): 

1. Filiform 6 papillae are tiny spikes without taste buds 
(see fig. 17.5b). They are responsible for the rough feel 
of a eat’s tongue and are important to many mammals for 
grooming the fur. They are the most abundant papillae on 
the human tongue, but they are small and play no gustatory 
role. They are innervated, however, and serve in one’s sense 
of the texture of food, ealled mouthfeel. 


b an = without; olges = pain 


6 fili = thread; form = shaped 
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Figure 17.5 Gustatory (Taste) Reeeptors. (a) Superior surface of the tongue and 
loeations of its papillae. (b) Detail of the vallate papillae. (e) Taste buds on the vvalls of two 
adjaeent foliate papillae. (d) Structure of a taste bud. 
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(d) Taste bud 


2. Foliate 7 papillae are also weakly developed in humans. They 
form parallel ridges on the sides of the tongue about two- 
thirds of the way baek from the tip, adjaeent to the molar and 
premolar teeth, where most chewing occurs and most flavor 
ehemieals are released from the food. Most of their taste buds 
degenerate by the age of 2 or 3 years. Perhaps this partially 
explains why ehildren so often rejeet foods that are tolerated 
or enj oyed by adults. 

3. Fungiform 8 (FUN-jih-form) papillae are shaped somewhat 
like mushrooms. Eaeh one has about three taste buds, 
loeated mainly on the apex. These papillae are widely 
distributed but are espeeially eoneentrated at the tip and 
sides of the tongue. Like filiform papillae, these also 
respond to food texture. 


7 foli = leaf; ate = like 

8 fungi = mushroom; form = shaped 


4. Vallate 9 (circumvallate) papillae are large papillae 
arranged in a V at the rear of the tongue. Eaeh is surrounded 
by a deep circular treneh. There are only 7 to 12 vallate 
papillae, but they eontain up to half of all taste buds— 
around 250 eaeh, loeated on the wall of the papilla faeing 
the treneh (fig. 17.5b). 

Regardless of loeation, all taste buds look alike (fig. 17.5c, d). 
They are lemon-shaped groups of 50 to 150 eells of three kinds— 
taste eells, supporting eells, and basal eells. Taste (gustatory) 
eells are more or less banana-shaped and have a tuft of apieal 
mierovilli ealled taste hairs, which serve as reeeptor surfaces for 
taste molecules. The hairs projeet into a pit ealled a taste pore on 
the epithelial surface of the tongue. Taste eells are epithelial eells, 
not neurons, but at their bases, they synapse with sensory nerve 


9 vall = wall; ate = like, possessing 
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fibers and have synaptie vesieles for the release of neurotrans- 
mitters. A taste eell lives 7 to 10 days. Basal eells are stem eells 
that multiply and replaee taste eells that have died, but they also 
synapse with sensory nerve fibers and may play some role in the 
proeessing of sensory information before signals are conducted to 
the brain. Supporting eells resemble taste eells but have no taste 
hairs, synaptie vesieles, or sensory role. 

There are five primary taste sensations: sweet, salty, sour, 
bitter, and umami. Umami, the most reeently diseovered primary 
taste, is a meaty taste stimulated by eertain amino aeids, glutamate 
and aspartate. Pronounced “ooh-mommy,” the word is Japanese 
and loosely means “delicious.” 

All of the primary taste sensations ean be deteeted throughout 
the tongue. It was onee popular to show “taste maps” of the tongue 
indieating where these modalities were loealized, but sensory 
physiologists long ago disearded this eoneept because the tongue 
has no regional speeializations of any signifieanee to the brain’s 
interpretation of modality. 

The many flavors we pereeive are not simply a mixture of these 
five primary tastes but are also influenced by food texture, aroma, 
temperature, and appearanee, as well as one’s state of mind, among 
other things. Many flavors depend on smell; without their aromas, 
einnamon merely has a faintly sweet taste and eoffee and pepper- 
mint are bitter. Some flavors such as pepper are due to stimulation 
of free endings of the trigeminal nerve. A braneh of the trigeminal 
ealled the lingual nerve innervates filiform and fungiform papillae 
and earries signals for food texture. 

The faeial nerve (eranial nerve VII) eolleets sensory informa- 
tion from taste buds of the anterior two-thirds of the tongue; the 
glossopharyngeal nerve (IX) from the posterior one-third; and 
the vagus nerve (X) from taste buds of the palate, pharynx, and 
epiglottis. All taste fibers projeet to a site in the medulla oblon- 
gata ealled the solitary nucleus. Seeond-order neurons arise 
here and relay the signals to two destinations: (1) nuclei in the 
hypothalamus and amygdala that aetivate autonomic reflexes 
such as salivation, gagging, and vomiting; and (2) the thalamus, 
which relays signals to the insula and posteentral gyrus of the 
eerebmm (fig. 17.6), where we beeome conscious of the taste. 
Proeessed signals are further relayed to the orbitofrontal cortex 
(see fig. 15.15, p. 418) where they are integrated with signals 
from the nose and eyes and we form an overall impression of the 
flavor and palatability of food. 


Smell 

Olfaetion, the sense of smell, is a response to airborne ehemieals. 
These are deteeted by reeeptor eells in a pateh of epithelium 
ealled the olfaetory mucosa, on the roof of the nasal eavity 
(fig. 17.7). This epithelium eovers about 5 em 2 of the superior 
eoneha and nasal septum; the rest of the nasal eavity is lined 
by a nonsensory respiratory mucosa. Their loeation plaees the 
olfaetory eells elose to the brain, but it is poorly ventilated; 
foreible sniffing is often needed to identify an odor or loeate its 
source. Nevertheless, the sense of smell is highly sensitive. We 
ean deteet extremely low eoneentrations of odor molecules, and 
most people ean distinguish 2,000 to 4,000 different odors; some 
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Figure 17.6 Gustatory Projeetion Pathway to the Cerebral 

Cortex. Other pathways not shown earry taste signals from the solitary 
nucleus to the hypothalamus and amygdala. 


ean distinguish as many as 10,000. On average, women are more 
sensitive to odors than men are, and they are more sensitive to 
some odors near the time of ovulation than during other phases 
of the menstmal eyele. 

The olfaetory mucosa has 10 to 20 million olfaetory neurons 
as well as epithelial supporting eells and basal eells. It has a yel- 
lowish tint due to lipofuscin in the supporting eells. Note that 
olfaetory eells are neurons whereas taste eells are not. Olfaetory 
eells are the only neurons in the body direetly exposed to the exter- 
nal environment. Apparently this is hard on them, because they 
have a life span of only 60 days. Unlike most neurons, however, 
they are replaeeable. The basal stem eells continually divide and 
differentiate into new olfaetory eells. 

An olfaetory eell is shaped a little like a bowling pin. Its widest 
part, the soma, eontains the nucleus. The neek and head of the eell 
are a modified dendrite with a swollen tip bearing 10 to 20 immobile 
eilia ealled olfaetory hairs. These eilia bear the binding sites 
for odor molecules, and lie in a tangled mass embedded in a thin 
layer of mucus on the epithelial surface. The basal end of eaeh eell 
tapers to beeome an axon. These axons eolleet into small faseieles 
that leave the nasal eavity through pores (olfaetory foramina) in 
the eribriform plate of the ethmoid bone. Collectively, the faseieles 
are regarded as eranial nerve I (the olfaetory nerve). 

When olfaetory fibers pass through the roof of the nose, they 
enter a pair of olfaetory bulbs beneath the frontal lobes of the 
brain (see fig. 15.23, p. 427). Here, they synapse with the den- 
drites of two types of neurons higher in the bulb, ealled mitral eells 
and tnfted eells. Olfaetory axons reaeh up, and mitral and tufted 
eell dendrites reaeh down, to meet eaeh other in spherieal clusters 
ealled glomemli ( ig. 17. 7b). All olfaetory fibers leading to any 
one glomemhis eome from eells with the same reeeptor type; thus, 
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eaeh glomerulus is dedieated to a particular odor. Higher brain 
eenters interpret complex odors such as ehoeolate, perfume, wine, 
or eoffee by deeoding signals from a eombination of odor-speeifie 
glomemli. This is similar to the way our visual system deeodes 
all the eolors of the speetmm using input from just three eolor- 
speeifie reeeptor eells of the eye. 

The tufted and mitral eells earry the output from the glomeruli. 
Their axons form bundles ealled olfaetory traets, which course 
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posteriorly along the underside of the frontal lobes. Most fibers 
of the olfaetory traets end in various neighboring regions of the 
inferior surface of the temporal lobe (fig. 17.8); eolleetively, we 
ean regard all these regions as the primary olfaetory cortex. It is 
noteworthy that olfaetory signals reaeh the eerebral cortex direetly, 
without first passing through the thalamus; this is not tme of any 
of our other senses. Even in olfaetion, however, some signals from 
the primary olfaetory cortex continue to a relay in the thalamus on 
their way to olfaetory assoeiation areas elsewhere. 

From the primary olfaetory cortex, signals travel to several 
other seeondary destinations in the eerebmm and brainstem. Two 
important eerebral destinations are the insula and orbitofrontal 
cortex. The orbitofrontal cortex, which lies on the floor of the fron- 
tal lobe just above the eyes (see fig. 15.15, p. 418), seems to be the 
site where we identify and diseriminate among odors. It reeeives 
Olfaetory inputs for both taste and smell and integrates these into our over- 

mucosa (refleeted) all pereeption of flavor. Other seeondary destinations for olfaetory 

signals include the hippocampus, amygdala, and hypothalamus. 
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Figure 17.7 Olfaetory (Smell) 

Reeeptors. (a) Loeation of the olfaetory 
mucosa in the nasal eavity, and the 
olfaetory bulb of the brain. (b) The 
olfaetory mucosa and conduction 
pathways to the olfaetory traet of the 
brain. (e) Detail of an olfaetory eell, a 
sensory neuron of the mucosa. 
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Figure 17.8 Olfaetory Projeetion Pathvvays in the Brain. 


Considering the roles of these brain areas, it is not surprising that 
the odor of eertain foods, a perfume, a hospital, or deeaying flesh 
ean evoke strong memories, emotional responses, and viseeral 
reaetions such as sneezing or coughing, the seeretion of saliva and 
stomaeh aeid, or vomiting. 

Most areas of the olfaetory cortex also send fibers baek to the 
olfaetory bulbs by way of neurons ealled granule eells. Granule 
eells inhibit the mitral and tufted eells. An effeet of this feedbaek 
is that odors ean ehange in quality and signifieanee under different 
eonditions. Food may smell more appetizing when you are hungry, 
for example, than when you have just eaten or when you are ill. 


Apply What You Know 

Which taste sensations could be lost after damage to (1) the 
faeial nerve and (2) the glossopharyngeal nerve? Why? A fracture 
of vvhieh eranial bone would most likely eliminate the sense of 
smell? Why? 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion. 

7. What is the differenee between a lingual papilla and a taste 
bud? Which is visible to the naked eye? 

8. Which eranial nerves earry gustatory impulses to the brain? 

9. What part of an olfaetory eell bears the binding sites for 
odor molecules? 

10. What region of the brain reeeives subconscious input from 

the olfaetory eells? What region reeeives conscious input? 




Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the gross and mieroseopie anatomy of 
the ear; 

b. briefly explain how the ear eonverts vibrations to 
nerve impulses and diseriminates between sounds of 
different intensity and piteh; 

e. explain how the anatomy of the vestibular apparatus 
relates to our ability to interpret the body’s position 
and movements; and 

d. deseribe the pathways taken by auditory and vestibular 
signals to the brain. 


Hearing is a response to vibrating air molecules, and equilibrium 
is the sense of motion and balanee. These senses reside in the inner 
ear, a maze of flmd-filled passages and sensory eells eneased in 
the temporal bone. 


Anatomy of the Ear 

The ear has three seetions ealled the outer, middle, and inner ear. 
The first two are eoneerned only with conducting sound to the 
inner ear, where vibration is eonverted to nerve signals. 

Outer Ear 

The outer (external) ear is essentially a funnel for conducting air- 
borne vibrations to the tympanie membrane (eardmm). It begins 
with the fleshy auricle (pinna) on the side of the head, shaped and 
supported by elastie eartilage except for the earlobe, which is mostly 
adipose tissue. The auricle has a predietable arrangement of whorls 
and reeesses that direet sound into the auditory eanal ( ’ig. 17.9). 
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Figure 17.9 The 

Auricle (Pinna) of the Ear. 
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Figure 17.10 Internal Anatomy of the Ear. |AP| Rj 


The auditory eanal, or external acoustic meatus (me-AY- 
tus), is the passage through the temporal bone. It follows a slightly 
S-shaped course for about 3 em to the tympanie membrane 
(fig. 17.10). It is lined with skin and supported by fibroeartilage at its 
opening and by the temporal bone for the rest of its length. The outer 
end of the eanal is proteeted by stiff guard hairs. The eanal has 
ceruminous and sebaceous glands whose seeretions mix with dead 
skin eells and form cerumen (earwax). Cerumen is stieky and eoats 
the guard hairs, making them more effeetive in bloeking foreign par- 
tieles from entering the auditory eanal. Its stiekiness may also be 
a deterrent to inseets, tieks, or other pests. In addition, it eontains 
lysozyme and has a low pH, both of which inhibit baeterial growth; 
it waterproofs the eanal and proteets its skin and the tympanie mem- 
brane from absorbing water; and it keeps the tympanie membrane 
pliable. Cerumen normally dries up and falls from the eanal, but 
sometimes it beeomes impaeted and interferes with hearing. 

Middle Ear 

The middle ear is loeated in the tympanie eavity of the temporal 
bone. A spaee only 2 to 3 mm wide between the outer and inner 
ears, the tympanie eavity houses the three smallest bones and two 
smallest skeletal muscles of the body. 

The middle ear begins with the tympanie 10 membrane, which 
eloses the inner end of the auditory eanal and separates it from the 
middle ear. The membrane is about 1 em in diameter and slightly 
eoneave on its outer surface. It is suspended in a ring-shaped groove 
in the temporal bone and vibrates freely in response to sound. It is 
innervated by sensory branehes of the vagus and trigeminal nerves 
and is highly sensitive to pain. 

Posteriorly, the tympanie eavity is continuous with the mastoi- 
dal air eells in the mastoid proeess. The eavity is filled with air that 

w tympan = dmm 


enters by way of the auditory (pharyngotympanie or eustachian 11 ) 

tube, a passage to the nasopharynx. (Be careful not to confuse audi- 
tory tube with auditory eanal .) The auditory tube is normally flat- 
tened and elosed, but swallowing or yawning opens it and allows air 
to enter or leave the tympanie eavity. This equalizes air pressure on 
both sides of the tympanie membrane, allowing it to vibrate freely. 
Excessive pressure on one side or the other muffles the sense of 
hearing. Unfortunately, the auditory tube also allows throat infee- 
tions to spread to the middle ear (see Deeper Insight 17.2). 



Middle-Ear infeetion 

Otitis' 2 media (middle-ear infeetion) is espeeially eommon in ehil- 
dren because their auditory tubes are relatively short and hori- 
zontal. llpper respiratory infeetions spread easily from the throat 
to the tympanie eavity and mastoidal air eells. Fluid accumulates 
in the eavity and causes pressure, pain, and impaired hearing. 
If otitis media goes untreated, it may spread from the mastoi- 
dal air eells and cause meningitis, a potentially deadly infeetion 
of the meninges. Chronic otitis media ean also cause fusion of 
the middle-ear bones, preventing them from vibrating freely and 
thus causing hearing loss. It is sometimes neeessary to drain fluid 
from the tympanie eavity by laneing the tympanie membrane and 
inserting a tiny drainage tube—a procedure ealled tymponos- 
tomyl 3 The tube, which is eventually diseharged spontaneously 
by the ear, relieves the pressure and permits the infeetion to heal. 


^Bartholomeo Eustachio (1520-74), Italian anatomist 

12 of = ear; itis = inflammation 

^tympano = drum; stomy = making an opening 
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part three Integration and Control 


The three middle-ear bones are ealled the auditory ossieles 


14 


The muscles of the middle ear are the stapedius and tensor tym- 


(fig. 17.10). Progressing inward, the first is the malleus , 15 which pani. The stapedius (stay-PEE-dee-us) arises from the posterior 


has an elongated handle attaehed to the inner surface of the tym- 
panie membrane; a head, which is suspended by a ligament from 
the wall of the tympanie eavity; and a short proeess, which articu- 
lates with the next ossiele. The seeond bone is the incus . 16 It has 
a roughly triangular body with an articular surface where it meets 
the malleus; a short limb (not illustrated) suspended by a ligament 
from the wall of the tympanie eavity; and a long limb that articu- 
lates with the third ossiele, the stapes. 

The stapes 17 (STAY-peez) has a head that articulates with the 
incus, an areh, and an elliptieal base (footplate), giving it an overall 
shape like a stirmp. The base is held by a ringlike ligament in an 
opening ealled the oval window, where the inner ear begins. 


14 oss = bone; /e/e 

15 /r?o//ei/s 
16 


little 


incus 


= hammer, mallet 
anvil 


wall of the eavity and inserts on the stapes. The tensor tympani 
(TEN-sor TIM-pan-eye) arises from the wall of the auditory tube, 
travels alongside it, and inserts on the malleus. In response to loud 
noises, these muscles eontraet and dampen the vibration of the 
ossieles, thus proteeting the delieate sensory eells of the inner ear; 
this is ealled the tympanie reflex. The sensory eells ean neverthe- 
less be irreversibly damaged by sudden loud noises such as gun- 
shots, and by sustained loud noise such as faetory noise and loud 
music (see Deeper Insight 17.3). 


17 


stopes = stirrnp 


Inner Ear 

The inner (internal) ear is housed in a maze of passages ealled 
the bony (osseous) labyrinth in the petrous part of the temporal 
bone (see p. 161). The bony labyrinth eontains a complex of 
fluid-filled ehambers and fleshy tubes ealled the membranous 
labyrinth (fig. 17.11). The fluid in this labyrinth, similar to 
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Figure 17.11 Anatomyofthe 

Membranous Labyrinth. (a) Position 
and orientation within the petrous part 
of the temporal bone. (b) Structure 
of the membranous labyrinth and its 
nerves. (e) Relationship of the perilymph 
(green) and endolymph (blue) to the 
membranous labyrinth. 
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intracellular fluid, is ealled endolymph. Between the membranous 
labyrinth and bone is another liquid, similar to eerebrospinal fluid, 
ealled perilymph. The membranous labyrinth within the bony laby- 
rinth is a tube-within-a-tube structure, somewhat like a bieyele inner 
tube within a tire. 

Proeeeding inward from the oval window, the first part of the 
bony labyrinth is an ovoid ehamber ealled the vestibule, eontain- 
ing two organs of balanee that we will eonsider later—the utricle 
and saccule. Arising from the vestibule are three bony semicircular 
eanals, eontaining fleshy loops ealled the semicircular ducts, which 
deteet rotation of the head. Also arising from the vestibule is a spiral 


In other vertebrates, the eoehlea is straight or slightly curved. 
In most mammals, however, it assumes a spiral form that allows a 
longer eoehlea to fit within a eompaet spaee of the temporal bone. 
In humans, it is about 9 mm wide at the base and 5 mm high. The 
apex points anterolaterally (fig. 17.1 la). The eoehlea winds for 
about two and a half eoils around a screwlike axis of spongy bone 
ealled the modiolus 19 (mo-DY-oh-lus). The “threads of the screw” 
form a spiral platform that supports the fleshy eoehlear duct. 

The eoehlear duct eontains structures that eonvert sound waves 
to nerve signals. A vertieal seetion cuts through the eoehlea about 
five times (fig. 17.12a). A single eross seetion through it looks like 


tube ealled the eoehlea 18 (COC-lee-uh or COKE-lee-uh), named for figure 17.12b. It is important to realize that the structures seen in 


its snail-like shape. This eontains the organ of hearing, ealled the 
eoehlear duct, and is therefore the focus of our immediate interest. 


^eoehlea = snail 


eross seetion actually have the form of spiral strips winding around 
the modiolus from base to apex. In eross seetion, the eoehlear 
duct appears as a triangular spaee bounded by a thiek basilar 
membrane below and a thin vestibular membrane above. Above 
the vestibular membrane is a spaee ealled the seala 20 vestibuli 
(SCAY-la vess-TIB-you-lye), and below the basilar membrane is 


Oval window 



19 modiolus = hub 
20 sco/o = stairease 
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Figure 17.1Í Anatomy of the Ooehlea. (a) Vertieal seetion. The 
apex of the eoehlea faees downward and anterolaterally in anatomieal 
position. (b) Detail of one seetion through the eoehlea. (e) Detail ofthe 
spiral organ. APIR 
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a spaee ealled the seala tympani (TIM-pan-eye). These are filled 
with perilymph and communicate with eaeh other through a nar- 
row ehannel at the apex of the eoehlea. The seala vestibuli begins 
near the oval window and spirals to the apex; from there, the seala 
tympani spirals baek down to the base and ends at the roimd 
window (fig. 17.11). The round window is eovered by a membrane 
ealled the seeondary tympanie membrane. 

Within the eoehlear duct, supported on the basilar membrane, 
is the spiral organ, also ealled the acoustic organ or organ of 
Corti (COR-tee)—a thiek epithelium with assoeiated structures 
(the boxed area in figure 17.12b). This is the deviee that generates 
auditory nerve signals, so we must pay particular attention to its 
structural details. 

The spiral organ has an epithelium eomposed of hair eells and 
supporting eells. Hair eells are named for the long, stiff mierovilli 
ealled stereoeilia 22 on their apieal surfaces (see photo on p. 460). 
(Stereoeilia should not be confused with tme eilia. They do not 
have an axoneme of microtubules as seen in eilia, and they do not 
move by themselves.) Resting on top of the stereoeilia is a gelati- 
nous teetorial 23 membrane, which helps to stinmlate the hair eells 
when the eoehlea responds to sound waves. 

The spiral organ has four rows of hair eells (fig. 17.13). About 
3,500 of these, ealled inner hair eells (IHCs), are arranged in a 
row by themselves on the medial side of the basilar membrane 
(faeing the modiolus). Eaeh IHC has a cluster of 50 to 60 stereo- 
eilia, arranged in order from short to tall. Another 20,000 outer 
hair eells (OHCs) are neatly arranged in three rows aeross from 
the inner hair eells. Eaeh OHC has about 100 stereoeilia arranged 


21 Alfonso Corti (1822-88), Italian anatomist 
22 stereo = solid 
23 tect = roof 


Outer hair eells Inner hair eells 



i-1 o 

10 jLim © 


Figure 17.13 Apieal Surfaces of the Cochlear Hair Cells (SEM). All 

signals that we hear eome from the inner hair eells on the right. 


DEEPER INSIGHT 


Deafness 



Deafness means any hearing loss, from mild and temporary to 
eomplete and irreversible. Conduction deafness is a type that 
results from the impaired transmission of vibrations to the inner 
ear. It ean result from a damaged tympanie membrane, otitis 
media, or bloekage of the auditory eanal. Another cause is oto- 
selerosis, 24 fusion of the auditory ossieles to eaeh other or fusion 
of the stapes to the oval window, preventing the bones from 
vibrating freely. Sensorineural (nerve) deafness results from the 
death of hair eells or any of the nervous elements eoneerned 
with hearing. It is a eommon occupational disease of musicians, 
eonstmetion workers, and others who work in noisy environ- 
ments, and is part of the priee many will pay for loud eoneerts, ear 
stereos, and personal stereos. Deafness leads some people to 
develop delusions of being talked about, disparaged, or eheated. 
Beethoven said his deafness drove him nearly to suicide. 


in a V, with their tips embedded in the teetorial membrane. All 
that we hear eomes from the IHCs, which supply 90% to 95% of 
the sensory fibers of the eoehlear nerve. The function of the OHCs 
is to adjust the response of the eoehlea to different frequencies and 
enable the IHCs to work with greater preeision. 

Hair eells are not neurons, but synapse with nerve fibers at 
their base. Inner hair eells synapse with the dendrites of sensory 
neurons only. Outer hair eells synapse with both sensory dendrites, 
which conduct signals to the brain, and axons that earry motor 
signals from the brainstem to the hair eells. The sensory neurons 
of the eoehlea are bipolar neurons whose somas form a spiral 
ganglion eoiled around the modiolus. The dendrites of these eells 
lead from the spiral organ to the ganglion; their axons pass from 
the ganglion down the eore of the eoehlea, then form the eoehlear 
part of eranial nerve VIII, the vestibulocochlear nerve. This nerve 
earries auditory signals to the brainstem. 

Auditory Function 

To make functional sense of this anatomy, we will examine the 
essential aspeets of auditory function. Figure 17.14 is a meehanieal 
model that presents some of the basie meehanisms in simple form. 
When sound waves vibrate the tympanie membrane, the three 
auditory ossieles transfer these vibrations to the inner ear. The base 
of the stapes moves the fluid in the inner ear, and fluid movements 
cause the basilar membrane to vibrate up and down. As it does 
so, the hair eells on the basilar membrane are thrust up and down, 
while the teetorial membrane immediately above them remains 
relatively still. Eaeh upward movement of the hair eells crowds the 
stereoeilia against the teetorial membrane, foreing them to roek 
baek and forth. This roeking motion opens membrane ehannels 
that admit bursts of potassium ions into the hair eells, exciting the 


24 ofo = ear; seler = hardening; os/s = proeess, eondition 
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Figure 17.14 Meehanieal Model of Auditory Function. Eaeh 

inward movement of the tympanie membrane pushes inward on the 
auditory ossieles of the middle ear and fluid of the inner ear. The fluid 
pushes down on the basilar membrane, and pressure is relieved by an 
outward bulge of the seeondary tympanie membrane. Thus the basilar 
membrane vibrates up and down in synehrony with the vibrations of 
the tympanie membrane. 

• Why would high oir pressure in the middle eor reduce the 
movements ofthe bosilor membrone ofthe inner eor? 


eells. An excited hair eell releases a neurotransmitter from synaptie 
vesieles in its base, and the neurotransmitter excites the adjaeent 
sensory nerve fiber. This ereates a nerve signal, which we will 
traee in the next seetion. 

The eoehlea must generate signals that the brain ean distin- 
guish as differenees in loudness and piteh. Loud sounds produce 
relatively vigorous vibrations of the basilar membrane, causing 
rapid firing of the eoehlear nerve fibers. The nerve fibers fire more 
slowly in response to softer sounds. High- and low-pitched sounds 
vibrate different regions of the basilar membrane. High-pitehed 
sounds espeeially stimulate hair eells near the base of the eoehlea, 
and low-pitched sounds stimulate those near the tip. Thus, the 
brain distinguishes loudness and piteh from how fast the eoehlear 
nerve fibers are firing and what regions of the spiral organ are 
generating the strongest signals. 

In order to tune the eoehlea and sharpen its frequency diserimi- 
nation, the brainstem sends motor signals baek through the eoehlear 
nerve to the outer hair eells (OHCs). The OHCs are anehored to the 
basilar membrane below and anehored to the teetorial membrane 
through their stereoeilia above. They eontraet in response to sig- 
nals from the brain, tugging on the basilar and teetorial membranes 
and thus suppressing the vibration of speeifie regions of the basilar 
membrane. This enhanees the ability of the brain to tell one sound 
frequency from another—an ability that is important for such pur- 
poses as distinguishing the words in someone else’s speeeh. 


The Auditory Projeetion Pathway 

Sensory nerve fibers from the eoehlea form the eoehlear nerve. 
This joins the vestibular nerve (see fig. 17.1 lb) and the two 
together beeome the vestibulocochlear nerve (eranial nerve VIII). 
The vestibulocochlear nerve exits the internal acoustic meatus of 
the temporal bone, thus leaving the inner ear and entering the era- 
nial eavity. It ends a short distanee later in the eoehlear nucleus of 
the medulla oblongata. 


Cochlear nerve fibers synapse here with seeond-order neurons 
that lead to the nearby superior olivary nucleus of the pons 
(fig. 17.15). The superior olivary nucleus has multiple eonneetions 
and functions: 


It sends signals baek to the eoehlea by way of eranial nerve 
VIII, stimulating the outer hair eells for the purpose of 
eoehlear tuning. 

It sends signals by way of eranial nerves V 3 and VII to the 
tensor tympani and stapedius muscles, respeetively, which are 
responsible for the proteetive tympanie reflex. 

It plays a role in binaural 25 hearing —eomparing signals from 
the right and left ears to identify the direetion from which a 
sound is eoming. 

It issues fibers up the brainstem to the inferior colliculi of the 
midbrain. 


The inferior colliculi aid in binaural hearing and issue fibers to 
the thalamus. In the thalamus, these, in turn, synapse with neurons 
that continue to the primary auditory cortex in the superior part of 
eaeh temporal lobe. The temporal lobe is the site of conscious per- 
eeption of sound; it eompletes the information proeessing essen- 
tial to binaural hearing. The interpretation of sound in relation 
to memory—for example, the ability to reeognize what a sound 
is—occurs in the auditory assoeiation area bordering the primary 
auditory cortex (see fig. 15.17, p. 420). 

Extensive eonneetions exist between the right and left nuclei 
of hearing throughout the brainstem, allowing for eomparison of 
the inputs from the right and left ears and the loealization of 
sounds in spaee. Thus, unlike the somatosensory cortex, the audi- 
tory cortex on eaeh side of the brain reeeives signals from both 
ears. Because of this extensive decussation, damage to the right 
or left auditory cortex does not cause a unilateral loss of hearing. 


The Vestibular Apparatus 

The original function of the ear in vertebrate history was not hear- 
ing, but equilibrium —eoordination, balanee, and orientation in 
three-dimensional spaee. Only later did vertebrates evolve the 
eoehlea, outer- and middle-ear structures, and auditory function 
of the ear. In humans, the reeeptors for equilibrium constitute 
the vestibular apparatus, which eonsists of three semicircular 
ducts and two ehambers—an anterior saccule 26 (SAC-yule) and a 
posterior utricle 27 (YOU-trih-cul) (see fig. 17.11). 

The sense of equilibrium is divided into statie equilibrium, 
the pereeption of the orientation of the head when the body is 
stationary, and dynamie equilibrium, the pereeption of motion 
or aeeeleration. There are two kinds of aeeeleration: linear 
aeeeleration, a ehange in veloeity in a straight line, as when riding 
in a ear or elevator; and angular aeeeleration, a ehange in the rate 
of rotation, as when turning one’s head. The saccule and utricle are 
responsible for statie equilibrium and the sense of linear aeeelera- 
tion; the semicircular ducts deteet only angular aeeeleration. 


25 bin — two; our = ears 
26 soccule = little sae 
27 utricle = little bag 

































476 


part three Integration and Control 


Primary 

auditory 

cortex 


Temporal 
lobe of 
cerebrum 



Medial 
geniculate 
nucleus of 
thalamus 




Neek ' 
muscles 


Inferior colliculus 
of midbrain 


Cochlea 


Cochlear tuning 






Cranial nerve VIII 



of pons 


(a) 



f* 


Cochlea 


(b) 


Thalamus 


Primary auditory 
cortex 

Inferior colliculus 

Superior olivary 
nucleus 

Cochlear nucleus 


Medulla oblongata 


Figure 17.1E Auditory Pathways in the Brain. (a) Sehematie. (b) Brainstem and frontal seetion ofthe eerebmm, showing the loeations of auditory 
proeessing eenters. (Cranial nerve V 3 = trigeminal nerve, mandibular division; CN VII = faeial nerve; CN VIII = vestibulocochlear nerve) 


The Saccule and Lltriele 

The saccule and utricle eaeh have a 2 by 3 mm pateh of hair eells and 
supporting eells ealled a macula , 28 The maeiila sacculi lies nearly 
vertieally on the wall of the saccule, and the macula utriculi lies 
nearly horizontally on the floor of the utricle (fig. 17.16a). Eaeh hair 
eell of a macula has 40 to 70 stereoeilia and one tme cilium ealled a 


28 macula = spot 


kinocilium . 29 The tips of the stereoeilia and kinocilium are embed- 
ded in a gelatinous otolithie membrane. This membrane is weighted 
with granules ealled otoliths , 30 eomposed of calcium earbonate and 
protein (fig. 17.16b). By adding to the density and inertia of the 
membrane, the otoliths enhanee the sense of gravity and motion. 


29 kino = moving 
30 ofo = ear; lith = stone 
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Figure 17.16 The Saccule and Lltriele. (a) Loeations of the macula sacculi and macula utriculi. (b) Structure of a macula (cutaway view). (e) Aetion 
of the otolithie membrane on the hair eells when the head is tilted. 

Why would the moculo socculi respond more strongly thon the moculo utriculi to o ride in on elevotor? 


Figure 17.16c shows how the macula utriculi deteets tilt 
of the head. With the head ereet, the otolithie membrane bears 
direetly down on the hair eells and stimulation is minimal. When 
the head is tilted, however, the heavy otolithie membrane sags 
and bends the stereoeilia, stimulating the hair eells. Any ori- 
entation of the head causes a eombination of stimulation to the 
utricles and saccules of the two ears. The brain interprets head 
orientation by eomparing these inputs to eaeh other and to other 
input from the eyes and streteh reeeptors in the neek, thereby 
deteeting whether only the head is tilted or the entire body is tip- 
ping. The macula sacculi works similarly except that its vertieal 
orientation makes it more responsive to up-and-down movements 
of the body—for example, when you stand up or jump down from 
a height. 

The inertia of the otolithie membranes is espeeially important 
in deteeting linear aeeeleration. Suppose you are sitting in a ear at 


a stoplight and then begin to move. The heavy otolithie membrane 
of the macula utriculi briefly lags behind the rest of the tissues, 
bends the stereoeilia backward, and stimulates the eells. When 
you stop at the next red light, the macula stops but the otolithie 
membrane keeps on going for a moment, bending the stereoeilia 
forward. The hair eells eonvert this pattern of stimulation to nerve 
signals, and the brain is thus advised of ehanges in your linear 
veloeity. 

If you are standing in an elevator and it begins to move up, 
the otolithie membrane of the vertieal macula sacculi lags behind 
briefly and pulls down on the hair eells. When the elevator stops, 
the otolithie membrane keeps on going for a moment and bends 
the hairs upward. The macula sacculi thus deteets vertieal aeeel- 
eration. These sensations are important in such ordinary aetions as 
sitting down, standing up, and falling, and as one’s head bobs up 
and down during walking and mnning. 
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Figure 17.17 The Semicircular Ducts. (a) Structure of the semicircular ducts, with eaeh ampulla opened to show the erista ampullaris and cupula. 
(b) Detail of the erista ampullaris. (e) Aetion of the endolymph on the cupula and hair eells when the head is rotated. 


The Semicircular Ducts 

The head also rotates, such as when you spin in a rotating ehair, 
walk down a hall and turn a eorner, bend forward to piek something 
up from the floor, or tilt your head laterally when you lie down 
in bed. Such movements are deteeted by the three semicircular 
ducts (fig. 17.17), eaeh housed in an osseous semicircular eanal of 
the temporal bone. The anterior and posterior semicircular ducts 
are positioned vertieally, at right angles to eaeh other. The lateral 
semicircular duct is about 30° from horizontal. The orientation of 
the ducts causes a different duct to be stimulated by rotation of the 
head in different planes—turning it from side to side as in gestur- 
ing “no,” nodding up and down as in gesturing “yes,” or tilting it 
from side to side as in touching your ears to your shoulders. 

The semicircular ducts are filled with endolymph. Eaeh duct 
opens into the utricle and has a dilated sae at one end ealled 


an ampulla . 31 Within the ampulla is a mound of hair eells and 
supporting eells ealled the erista ampullaris . 32 The hair eells 
have stereoeilia and a kinocilium embedded in the cupula , 33 a 
gelatinous membrane that extends from the erista to the roof of the 
ampulla. When the head turns, the duct rotates, but the endolymph 
lags behind and pushes the cupula over. This bends the stereoeilia 
and stimulates the hair eells. After 25 to 30 seeonds of continual 
rotation, however, the endolymph eatehes up with the movement 
of the duct, and stimulation of the hair eells eeases even though 
motion continues. 


3 ^ampulla = little jar 

32 crista = erest, ridge; ampullaris = of the ampiilla 
33 cupula = little tub 
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Apply What You Know 

The semicircular ducts do not deteet motion itself, but only 
aeeeleration—a ehange in the rate of motion. Explain why. 


Vestibular Projeetion Pathvvays 

Hair eells of the macula sacculi, macula utriculi, and semieir- 
cular ducts synapse at their bases with sensory fibers of the 
vestibular nerve. This and the eoehlear nerve merge to form the 
vestibulocochlear nerve. Fibers of the vestibular nerve lead to 
a complex of four vestibular nuclei on eaeh side of the pons 
and medulla. Nuclei on the right and left sides of the brainstem 
communicate extensively with eaeh other, so eaeh reeeives input 
from both the right and left ears. They proeess signals about the 
position and movement of the body and relay information to five 
targets (fig. 17.18): 


pathway allows you to make quick movements of the tmnk 
and limbs to keep your balanee. 

5. The thalamus, which relays signals to two areas of the 
eerebral cortex. One is at the inferior end of the posteentral 
gyms adjaeent to sensory regions for the faee. It is here 
that we beeome consciously aware of body position and 
movement. The other is slightly rostral to this, at the inferior 
end of the eentral sulcus in the transitional zone from primary 
sensory to motor cortex. This area is thought to be involved in 
motor eontrol of the head and body. 

Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion. 

11. What is the benefit of having three aiiditory ossieles and 
two muscles in the middle ear? 



1 . 

2 . 


3. The reticular formation, which is thought 
to adjust breathing and blood circulation 
to ehanges in posture. 

4. The spinal eord, where fibers deseend 
the two vestibulospinal traets on eaeh 
side (see fig. 14.3, p. 376) and synapse 
on motor neurons that innervate the 
extensor (antigravity) muscles. This 


Figure 17.18 Vestibular Projeetion Pathways 

in the Brain. 



The cerebellum, which integrates vestibular information into 
its eontrol of head movements, eye movements, muscle tone, 
and posture. 

Nuclei of the oculomotor, troehlear, and abducens nerves 
(eranial nerves III, IV, and VI). These nerves produce eye 
movements that eompensate for movements of the head (the 
vestibulo-ocular reflex). To observe this effeet, hold a book 
in front of you at a eomfortable reading distanee and fix your 
gaze on the middle of the page. Move the book left and right 
about onee per seeond, and you will be unable to read it. Now 
hold the book still and shake your head from side to side at 
the same rate. This time you will be able to read the page 
because the vestibulo-ocular reflex eompensates 
for your head movements and keeps your 
eyes fixed on the target. This reflex enables 
you to keep your vision fixed on a distant 
objeet as you walk or run toward it. 

Vestibular 
cortex 


Thalamus 


Nuclei for 
eye movement 


12. Explain how vibration of the tympanie membrane ultimately 

causes eoehlear hair eells to release a neurotransmitter. 

13. How does the brain reeognize the differenee between 

high C and middle C of a piano? Between a loud sound and 
a soft one? 

14. How does the function of the semicircular ducts differ from 

the function of the saccule and utricle? 

15. How is the sensory meehanism of the semicircular ducts 

similar to that of the saccule and utricle? 
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part three Integration and Control 



Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the anatomy of the eye and its aeeessory 
structures; 

b. deseribe the histologieal structure of the retina and its 
reeeptor eells; 

e. explain why different types of reeeptor eells and neural 
circuits are required for day and night vision; and 

d. traee the visual projeetion pathway in the brain. 


Vision is the ability to form a reeognizable image of an objeet that 
emits or refleets light. It begins with focusing light on a membrane 
ealled the retina , the site of the sensory eells. Here, the light ere- 
ates a ehemieal reaetion that leads to the generation of a nerve 
signal. The brain must reeeive and interpret this nerve signal for 
the proeess of vision to be eomplete. 


Aeeessory Structures of the Orbit 

The eyeball occupies a bony soeket ealled the orbit. This general 
area of the faee, ealled the orbital region , eontains structures that 
proteet and aid the eye (figs. 17.19 and 17.20). These include the 
eyebrows, eyelids, conjunctiva, laerimal apparatus, and extrinsic 
eye mnseles. 


The eyebrows enhanee faeial expression and nonverbal eom- 
munication and shield the eyes to some degree from glare and 
forehead perspiration. 

The eyelids, or palpebrae (pal-PEE-bree), elose periodi- 
eally to moisten the eye with tears, sweep debris from the 
surface, bloek foreign objeets from the eye, and prevent 
visual stimuli from disturbing our sleep. The two eyelids 
are separated by the palpebral fissure, and the eorners 
where they meet are ealled the medial and lateral eommis- 
sures (eanthi). The eyelid eonsists largely of the orbicularis 
oculi muscle eovered with skin (fig. 17.20a). It also eon- 
tains a supportive fibrous tarsal plate, which is thiekened 
along the margin of the eyelid. Within this plate are 20 to 
25 tarsal glands that open along the edge of the eyelid. 
They seerete an oil that eoats the eye and reduces tear 
evaporation. The eyelashes are guard hairs that help to keep 
debris from the eye. Touching the eyelashes stimulates hair 
reeeptors and triggers the blink reflex. 

The conjunctiva (CON-junk-TY-vuh) is a transparent mucous 
membrane that eovers the inner surface of the eyelid and 
anterior surface of the eyeball except the elear area (eornea). 
The layer on the inside of the eyelid is ealled the palpebral 
conjunctiva, the layer on the eye surface is the bulbar eon- 
junctiva, and the spaee between them (beneath the eyelid) is 
the eonjmetival sae. The primary purpose of the conjunctiva 
is to seerete a thin mucous film that prevents the eyeball from 
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Figure 17.19 External Anatomy of the Orbital Region. 


drying. It is riehly innervated and highly sensitive to pain. It 
is also very vascular (eontains abundant blood vessels), which 
is espeeially evident when the vessels are dilated and the eyes 
are “bloodshot.” Because it is vascular and the eornea is not, 
the conjunctiva heals more quickly than the eornea when 
injured. 


Apply What You Know 

How would vision be affeeted ifthe conjunctiva eovered the 
eornea? 


The laerimal 34 apparatus (fig. 17.20b) eonsists of the 
laerimal (tear) gland and a series of ducts that drain the tears 
into the nasal eavity. The almond-shaped laerimal gland is 
nestled in a shallow fossa of the frontal bone in the supero- 
lateral eorner of the orbit. About 12 short ducts lead from 
the gland to the surface of the conjunctiva. Tears eleanse 
and lubricate the eye surface, deliver oxygen and nutrients 
to the conjunctiva, and eontain a baeterieidal enzyme, lyso- 
zyme, that helps to prevent eye infeetions. After washing 
aeross the eye, the tears eolleet at the laerimal caruncle 35 
(CAR-un-cul), the pink fleshy mass near the medial eom- 
missure of the eye. Near the eamnele, eaeh eyelid has a tiny 
pore ealled a laerimal punctum, which eolleets the tears 
and eonveys them through a short laerimal canaliculus into 
a laerimal sae. From here, a nasolaerimal duct earries the 
tears to the inferior meatus of the nasal eavity—thus, an 
abundance of tears from erying or “watery eyes” ean result 
in a runny nose. Normally, the tears are swallowed. When 
you have a eold, the nasolaerimal ducts beeome swollen and 
obstmeted, the tears eannot drain, and they may overflow 
from the brim of your eye. 


34 locrim = tear 

35 cor = fleshy mass; uncle = little 
36 punct = point 
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Figure 17.20 Aeeessory Structures of the Orbit. (a) Sagittal seetion of the eye and orbit. (b) The laerimal apparatus. The arrows indieate the flow 
of tears from the laerimal gland, aeross the front of the eye, into the laerimal sae, and down the nasolaerimal duct. 


What would be the effeet of bloekage ofthe laerimal puncta? 
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(e) Frontal view 
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Figure 17.21 Extrinsic Muscles of the Eye. (a) Lateral view of the right eye. The lateral rectus muscle is cutto expose a portion of the optie 
nerve. (b) Superior view of the right eye. (e) Innervation of the extrinsic muscles; arrows indieate the eye movement produced by eaeh muscle. 
• Which would cause the greatest loss ofvisual function—trauma to eranial nerve III , IV, or VI? Why? ÌPIR 
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part three Integration and Control 


• Six extrinsic eye muscles are attaehed to the walls of the 
orbit and to the external surface of eaeh eyeball. Extrinsic 
means arising from without, and distinguishes these from 
the intrinsie muscles inside the eyeball, discussed later. The 
extrinsic muscles are responsible for movements of the eye 
(fig. 17.21). They include four rectus (“straight”) muscles and 
two oblique muscles. The superior, inferior, medial, and 
lateral rectus arise from a tendinous ring on the posterior 
wall of the orbit and insert on the anterior region of the eyeball, 
just beyond the visible “white of the eye.” They move the 
eye up, down, medially, and laterally. The superior oblique 
travels along the medial wall of the orbit. Its tendon passes 
through a fibroeartilage loop, the troehlea 37 (TROCK-lee- 
uh), and inserts on the superolateral aspeet of the eyeball. The 
inferior oblique extends from the medial wall of the orbit to the 
inferolateral aspeet of the eye. To visualize the function of 
the oblique muscles, suppose you turn your eyes to the right. 
The superior oblique muscle slightly depresses your right eye, 
while the inferior oblique slightly elevates the left eye. The 
opposite occurs when you look to the left. This is the primary 
function of the oblique muscles, but they also rotate the eyes, 
turning the “twelve o’eloek pole” of eaeh eye slightly toward 
or away from the nose. The superior oblique muscle is inner- 
vated by the troehlear nerve (IV), the lateral rectus muscle by 
the abducens nerve (VI), and the rest of these imiseles by the 
oculomotor nerve (III). 


The eye is surrounded on the sides and baek by orbital fat. It 
cushions the eye, gives it freedom of motion, and proteets blood 
vessels and nerves as they pass through the rear of the orbit. 


Anatomy of the Eyeball 

The eyeball itself is a sphere about 24 mm (1 ineh) in diameter 
(fig. 17.22) with three prineipal eomponents: (1) three layers (tunics) 
that form its wall; (2) optieal eomponents that admit and focus light; 
and (3) neural eomponents, the retina and optie nerve. The retina is 
not only a neural eomponent but also part of the inner tunic. The eor- 
nea is part of the outer tunic as well as one of the optieal eomponents. 

The Tunics 

There are three tunics forming the wall of the eyeball: 

• The outer fibrous layer (tunica fibrosa) is divided into two 
regions, the selera and eornea. The selera 38 (white of the 
eye) eovers most of the eye surface and eonsists of dense 
collagenous eonneetive tissue perforated by blood vessels 
and nerves. The eornea is the anterior transparent region of 
modified selera that admits light into the eye. It is eomposed 
mainly of very eompaet layers of eollagen and thin flat fibro- 
blasts. It is eovered by a thin stratified squamous epithelium 
anteriorly and a simple squamous epithelium posteriorly. The 
anterior epithelium is a source of stem eells that give the eor- 
nea a great eapaeity for regeneration in response to injury. 


37 trochlea = pulley 


38 sc/er = hard, tough 
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Figure 17.22 The Eye (Sagittal Seetion). [APl R. 
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• The middle vascular layer (tunica vasculosa) is also ealled 
the uvea 39 (YOU-vee-uh) because it resembles a peeled 
grape in fresh disseetion. It eonsists of three regions—the 
ehoroid, eiliary body, and iris. The ehoroid (CO-royd) is 
a highly vascular, deeply pigmented layer of tissue behind 
the retina. It gets its name from a histologieal resemblanee 
to the ehorion of a fetus. Anteriorly, it thiekens and grades 
into the eiliary body, which supports the lens and forms 
a muscular ring around it. The smooth muscle in the eili- 
ary body, ealled the eiliary muscle, eontrols tension on the 
lens and is thus important in focusing it. The eiliary body 
also supports the iris and seeretes a fluid ealled the aqueous 
humor. The iris is an adjustable diaphragm that eontrols the 
diameter of the pupil, its eentral opening. The iris has two 
pigmented layers. One is a posterior pigment epithelium 
that bloeks stray light from reaehing the retina. The other is 
the anterior border layer, which eontains pigmented eells 
ealled ehromatophores . 40 High eoneentrations of melanin 
in the ehromatophores give the iris a blaek, brown, or hazel 
eolor. If the melanin is seanty, light refleets from the poste- 
rior pigment epithelium and gives the iris a blue, green, or 
gray eolor. 

The diameter of the pupil is eontrolled by two sets of 
eontraetile elements in the iris. The pupillary eonstrietor 
eonsists of eoneentrie eireles of smooth muscle eells around 
the pupil. The pupillary dilator eonsists of a spokelike 
arrangement of eontraetile proeesses that extend from the 
eells of the posterior pigment epithelium. Because of their 


39 uvea = grape 

40 chromato = eolor; phore = bearer 


dual epithelial and eontraetile nature, these eells are elassi- 
fied as myoepithelial eells. When their proeesses eontraet, 
they dilate the pupil and admit up to five times as much light 
as a fully eonstrieted pupil. The pupils eonstriet in response 
to inereased light intensity and when we focus on nearby 
objeets; they dilate in dimmer light and when we focus on 
more distant objeets. Their response to light is ealled the 
photopupillary reflex. 

The eiliary muscle, pupillary eonstrietor, and pupillary dila- 
tor are eonsidered to be the intrinsie eye muscles, in eontrast 
to the aforementioned extrinsic muscles found on the outside 
of the eyeball. Both sympathetie and parasympathetie nerve 
fibers enter the rear of the eyeball and innervate these muscles 
(see figs. 16.4 and 16.7, pp. 447 and 451). Sympathetie fibers 
from the superior eervieal ganglion innervate the pupillary dila- 
tor and widen the pupil. Parasympathetie fibers reaeh the eye 
through the oculomotor nerve (eranial nerve III), innervate the 
pupillary eonstrietor, and narrow the pupil, thus antagonizing 
the sympathetie effeet (see fig. 16.9, p. 455). The parasympa- 
thetie division also thiekens the lens for near vision. 

• The inner layer (tunica interna) eonsists of the retina, which 
internally lines the posterior two-thirds of the eyeball. 

Optieal Components 

The optieal eomponents of the eye are transparent elements that 
admit light rays, bend (refraet) them, and focus images on the ret- 
ina. They include the eornea, aqueous humor, lens, and vitreous 
body. The eornea has been deseribed already. 

• The aqueous hrnnor is a serous fluid seereted by the eiliary 
proeesses into a spaee between the iris and lens ealled the 
posterior ehamber (fig. 17.23). It flows through the pupil 
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Figure 17.23 Production and Reabsorption of Aqueous Humor. Blue arrows indieate the flow of aqueous humor from the eiliary proeesses into 
the posterior ehamber, through the pupil into the anterior ehamber, and finally into the seleral venous sinus, the vein that reabsorbs the fluid. 
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Suspensory ligament Lens 



Figure 17.24 LensoftheEye(SEM). Posterior view of the lens and 

the suspensory ligament that anehors it to the eiliary body. 


into the anterior ehamber, a spaee between the eornea and 
iris. From here, it is reabsorbed by a circular vein ealled the 
seleral venous sinus (eanal of Sehlemm 41 ). Normally, the 
rate of reabsorption balanees the rate of seeretion. (See Deeper 
Insight 17.4 for an important exception.) 

• The lens is eomposed of flattened, tightly eompressed, 
transparent eells ealled lens fibers. It is suspended behind 
the pupil by a fibrous ring ealled the suspensory ligament 
(figs. 17.22 and 17.24), which attaehes it to the eiliary body. 
Tension on the ligament somewhat flattens the lens, so it is 
about 9.0 mm in diameter and 3.6 mm thiek at the middle. 
When the lens is removed from the eye and not under ten- 
sion, it relaxes into a more spheroidal shape and resembles a 
plastie bead. 

• The vitreous 42 body (vitreous humor) is a transparent 
jelly that fills a large spaee ealled the vitreous ehamber 
behind the lens. An oblique ehannel through this body, 
ealled the hyaloid eanal, is the remnant of a hyaloid artery 
present in the embryo (see fig. 17.22). The vitreous body 
serves to maintain the spherieal shape of the eyeball and to 
keep the retina smoothly pressed against the inner surface 
of the ehamber. This is essential for the focusing of images 
on the retina. 

Neural Components 

The neural eomponents of the eye are the retina and optie nerve. The 
retina is a thin transparent membrane attaehed at only two points— 
the optie dise where the optie nerve leaves the rear (fundus) of 
the eye, and its sealloped anterior margin, the ora serrata . 43 


The rest of the retina is held smoothly against the rear of the eye- 
ball by the pressure of the vitreous body. It ean detaeh (buckle 
away from the wall of the eyeball) because of blows to the head 
or insufficient pressure from the vitreous body. A detaehed 
retina may cause blurry areas in the field of vision. It ean lead 
to blindness if the retina remains separated for too long from the 
ehoroid, on which it depends for oxygen, nutrition, and waste 
removal. 

The inside rear of the eyeball, ealled the fundus, is rou- 
tinely examined with an illuminating and magnifying instrn- 
ment ealled an ophthalmoseope. Direetly posterior to the eenter 
of the lens, on the visual axis of the eye, is a pateh of eells 
ealled the macula lutea , 44 about 3 mm in diameter (fig. 17.25). 
In the eenter of the macula is a tiny pit, the fovea 45 eentralis. It 
produces the most finely detailed images for a reason that will 


DEEPER INSIGHT 



Cataracts and Glaucoma 

The two most eommon causes of blindness are eataraets and 
glaucoma. A eotoroet is eloiiding of the lens. It occurs as the 
lens fibers darken with age, fluid-filled bubbles (vacuoles) and 
elefts appear between the lens fibers, and the elefts accumulate 
debris from degenerating fibers. Cataracts are a eommon eom- 
plieation of diabetes mellitus, but ean also be induced by heavy 
smoking, ultraviolet radiation, radiation therapy, eertain viruses 
and drugs, and other causes. They cause the vision to appear 
milky or as if one was looking from behind a waterfall . 46 Cata- 
raets ean be treated by replaeing the natural lens with a plastie 
one. The implanted lens improves vision almost immediately, 
but glasses still may be needed for near vision. 

Gloucomo is a state of elevated pressure within the eye 
that occurs when the seleral venous sinus is obstructed so 
aqueous humor is not reabsorbed as fast as it is seereted. 
Pressure in the anterior and posterior ehambers drives the 
lens baek and puts pressure on the vitreous body. The vitreous 
body presses the retina against the ehoroid and eompresses 
the blood vessels that nourish the retina. Without a good blood 
supply, retinal eells die and the optie nerve may atrophy, pro- 
ducing blindness. Symptoms often go unnoticed until the dam- 
age is irreversible. lllusory flashes of light are an early symptom 
of glaucoma. Late-stage symptoms include dimness of vision , 47 
a narrowed visual field, and eolored halos around artifieial 
lights. Glaucoma ean be halted with drugs or surgery, but lost 
vision eannot be restored. This disease ean be deteeted at 
an early stage in the course of regular eye examinations. The 
field of vision is eheeked, the optie nerve is examined, and the 
intraocular pressure is measured with an instrument ealled a 
tonometer. 


41 Friedrich S. Sehlemm (1795-1858), German anatomist 
42 w'fre = glassy 

43 oro = border, margin; serrota = notehed, serrated 


44 macula = spot; lutea = yellow 
45 fovea = pit, depression 
46 cataract = waterfall 
47 glauco = grayness 
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Figure 17.25 Fundus (Rear) of the Eye. (a) Use of the ophthalmoseope. (b) Ophthalmoseopie photograph of the fundus. (e) Anatomieal features of 
the fundus. Note the blood vessels diverging from the optie dise, where they enter the eye with the optie nerve. An eye examination also serves as 
a partial eheek on cardiovascular health. 


be apparent later. About 3 mm medial to the macula lutea is the 
optie dise. Nerve fibers eonverge on this point from neurons 
throughout the retina and leave here in a bundle that constitutes 
the optie nerve. Blood vessels travel through the optie nerve and 
enter and leave the eye at the optie dise. Eye examinations thus 
serve for more than evaluating the visual system; they allow 
for a direet, noninvasive examination of blood vessels for signs 
of hypertension, diabetes mellitus, atheroselerosis, and other 
vascular diseases. 

The optie dise eontains no reeeptor eells, so it produces a 
blind spot in the visual field of eaeh eye. To see this effeet, elose 
your right eye and gaze straight ahead with your left; fixate on an 
objeet aeross the room. Now hold up a peneil about 30 em (1 ft) 
from your faee at eye level. Begin moving the peneil toward the 
left, but be sure you keep your gaze fixed on that point aeross 
the room. When the peneil is about 15° away from your line of 
vision, the end of it will disappear because its image falls on 
the blind spot of your left eye. One reason you do not normally 
notiee a blind pateh in your visual field is that the brain uses the 
image surrounding the blind spot to fill in that area with similar, 


essentially imaginary information. Another reason is that the eye 
continually undergoes minute fluttering movements that ensure 
that the same area of the visual field is not always projeeted on 
the same area of retina. 


Formation of an Image 

The visual proeess begins when light rays enter the eye, beeome 
focused on the retina, and produce a tiny inverted image. The 
eornea refraets ineoming light rays toward the optieal axis of 
the eye, and the lens makes relatively slight adjustments to 
fine focus the image. When you focus on something more than 
6 m (20 ft) away, the lens flattens to a thiekness of about 
3.6 mm at the eenter and refraets light less. When you focus on 
something eloser than 6 m, the lens thiekens to about 4.5 mm at 
the eenter and refraets light rays more strongly. These ehanges 
in the lens are ealled aeeommodation. Abnormalities in lens 
flexibility, the shape of the eornea, or the length of the eyeball 
result in various defieieneies of vision explained in table 17.2 
and figure 17.26. 
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TABLE 17.2 Common Defeets of Image Formatíon 


Myopia 48 Nearsightedness—difficulty focusing on faraway objeets because of an abnormally elongated eyeball. Light rays eome into 

focus before they reaeh the retina and begin to diverge again by the time they fall on it. Corrected with eoneave lenses, 
which cause light rays to diverge slightly before entering the eye. 


Hyperopia 49 


Presbyopia 50 


Astigmatism 51 


Farsightedness—difficulty focusing on nearby objeets because of an abnormally short eyeball. The retina lies in front of the 
foeal point of the lens, and the light rays have not yet eome into focus when they reaeh the retina. Corrected with convex 
lenses, which cause light rays to eonverge slightly before entering the eye. 

Deelining ability to focus on nearby objeets as one ages. An effeet of deelining elastieity of the aging lens, often first 
notieed around age 40 to 45. Results in difficulty in reading and doing elose handwork. Corrected with reading glasses or 
bifoeal lenses. 

Inability to simultaneously focus light rays that enter the eye on different planes. Focusing on vertieal lines, such as the edge of 
a door, may cause horizontal lines, such as a tabletop, to go out of focus. Caused by a deviation in the shape of the eornea so 
that it is shaped like the baek of a spoon rather than like part of a sphere. Corrected with “eylindrieal” lenses, which refraet light 
more in one plane than another. 


Foeal plane 



Foeal plane — 
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(a) Emmetropia (normal) (b) Hyperopia (farsightedness) (e) Myopia (nearsightedness) 

Figure 17.26 Two Common Visual Defeets and the Effeets of Corrective Lenses. (a) The normal emmetropie eye, with light rays eonverging 
on the retina. (b) Hyperopia (farsightedness) and the eorreetive effeet of a convex lens. The lens causes light rays to begin eonverging before 
they enter the eye, so they reaeh their foeal point farther forward than usual, on the retina of the shortened eyeball. (e) Myopia (nearsightedness) 
and the eorreetive effeet of a eoneave lens. By causing light rays to diverge before they enter the eye, this lens shifts the foeal point posteriorly 
so that it falls on the retina of the elongated eye. 


Structure and Function of the Retina 

The eonversion of light energy into aetion potentials occurs in the 
retina. Its cellular organization is shown in figure 17.27. The most 
posterior layer is the pigment epithelium, a darkly pigmented layer 
that serves, like the blaek inside of a film eamera, to absorb stray light 
so it does not degrade the visual image by refleeting baek into the eye. 


48 my = near; op/'o = eye eondition 
49 hyper = beyond; op/'o = eye eondition 
50 presby = old age; op/'o = eye eondition 
51 o = without; stigma = point; ism = eondition 


Apply What You Know 

The vertebrate eye is often ealled a eamera eye for its many 
resemblanees to the meehanisms of a film eamera. List as many 
eomparisons as you ean. 


The neural apparatus of the retina eonsists of three prineipal 
eell layers. Progressing from the rear of the eye forward, the 
major retinal eells are the photoreeeptors (mainly rods and eones ), 
hipolar eells, and ganglion eells. 
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Figiire 17.27 Histology of the Retina. (a) Photomierograph. 

(b) Sehematie of the layers and circuitry of the retinal eells. 
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1. Photoreeeptor eells. The photoreeeptor eells include all eells 
that absorb light and generate a ehemieal or eleetrieal signal. 
There are three kinds: rods, eones, and some of the ganglion 
eells. Only the rods and eones produce visual images; the 
ganglion eells are discussed shortly. Eaeh rod or eone has 
an outer segment that points toward the wall of the eye and 
an inner segment faeing the interior (fig. 17.28). The two 
segments are separated by a narrow eonstrietion eontaining 
nine pairs of microtubules; the outer segment is actually a 
highly modified cilium speeialized to absorb light. The inner 
segment eontains mitoehondria and other organelles. At its 
base, it gives rise to a eell body, which eontains the nucleus, 
and to proeesses that synapse with retinal neurons in the 
next layer. 

In a rod, the outer segment is eylindrieal and somewhat 
resembles a staek of eoins in a paper roll—there is a plasma 
membrane around the outside and an orderly staek of about 
1,000 membranous dises inside. Eaeh dise is densely studded 
with globular proteins—the visual pigment rhodopsin. The 
membranes hold these pigment molecules in a position that 
maximizes light absorption. Rod eells are responsible for night 
(seotopie 52 ) vision and produce images only in shades of gray 
(monoehromatie vision). Even in ordinary indoor lighting, they 
are saturated (overstimulated) and nonfunctional. 


Direetion of light 



(b) 

A eone is similar except that the outer segment tapers 
to a point and the dises are not detaehed from the plasma 
membrane but are parallel infoldings of it. Cones begin 
to respond in light as dim as starlight and are the only 
reeeptor eells functional in daylight intensities; thus, they are 
entirely responsible for our day (photopie 53 ) vision. They 
are also responsible for eolor vision (triehromatie vision), 
because unlike rods, eones do not all earry the same visual 
pigment. Their pigments are ealled photopsins. Some eones 
have a photopsin that responds best at a wavelength of 420 
nanometers (nm), a deep blue light; others respond best at 
531 nm (green); and still others at 558 nm (orange-yellow). 
All eolors we see are the result of various mixtures of input 
to the brain from these three types of eones. 

2. Bipolar eells. Rods and eones synapse with the dendrites of 
bipolar neurons. These, in turn, feed direetly or indireetly into 
the ganglion eells deseribed next (fig. 17.27b). 


52 scot = dark; op = vision 


53 phot = light; op = vision 
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Figure 17.28 Rods and Cones. (a) Rods and eones of a 

salamander retina (SEM). The tall eylindrieal eells are rods, and the 
short tapered eells in the foreground are eones. (b) Structure of human 
rods and eones. 
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(b) 


3. Ganglion eells. These are the largest neurons of the retina, 
arranged in a single layer elose to the vitreous body. Most 
ganglion eells reeeive input from multiple bipolar eells. Their 
axons form the optie nerve. Some ganglion eells absorb light 
direetly and conduct signals to brainstem nuclei that eontrol 
pupillary diameter and the body’s eireadian rhythms. They do 
not contribute to visual images but deteet only light intensity. 
Their sensory pigment is ealled melanopsin. 

There are other retinal eells, but they do not form layers of 
their own. Horizontal eells and amaerine 54 (AM-ah-erin) eells form 
horizontal eonneetions among rod, eone, and bipolar eells. Bipolar 
eells that earry rod signals do not synapse direetly with ganglion eells, 
but only by way of amaerine eells. Horizontal and amaerine eells play 
diverse roles in enhaneing the pereeption of eontrast, the edges of 
objeets, and ehanges in light intensity. In addition, much of the mass 
of the retina is eomposed of astroeytes and other types of glial eells. 

There are approximately 130 million rods and 6.5 million eones 
in one retina, but only about 1 million nerve fibers in the optie 
nerve. With a ratio of nearly 140 reeeptor eells to 1 optie nerve 
fiber, it is obvious that there must be substantial neural eonvergenee 
and information proeessing in the retina itself before signals are 
conducted to the brain proper. Convergence begins where multiple 
rod or eone eells eonverge on one bipolar eell, and occurs again 
where multiple bipolar eells eonverge on a single ganglion eell. 

Retinal Circuitry and Visual Sensitivity 

You may wonder why we have two types of photoreeeptor eells, 
the rods and eones. Why ean’t we simply have one type that would 


54 o = without; maer = long; in = fiber 


produce detailed eolor vision, both day and night? The answer to 
this lies largely in the eoneept of neural eonvergenee (see p. 364). 
The duplicity theory of vision holds that a single type of reeep- 
tor eell eannot produce both high sensitivity and high resohition. 
It takes one type of eell and neural circuit, working at its maxi- 
mum eapaeity, to provide sensitive night vision and a different 
type of reeeptor and circuit to provide high-resolution daytime 
vision. 

The high sensitivity of rods in dim light stems partly from a 
easeade of ehemieal reaetions that occurs when rhodopsin absorbs 
light. The easeade amplifies the effeet of the light, so a small 
stimulus produces a relatively large output from eaeh rod. But in 
addition, up to 600 rods eonverge on eaeh bipolar eell, and then 
multiple bipolar eells eonverge (via amaerine eells) on eaeh gan- 
glion eell (fig. 17.29a). Weak stimulation of many rod eells ean 
produce an additive effeet on one bipolar eell, and several bipolar 
eells ean eollaborate to excite one ganglion eell. Thus, a ganglion 
eell ean respond in dim light that only weakly stimulates an indi- 
vidual rod. A shorteoming of this system is that it eannot resolve 
finely detailed images. One ganglion eell reeeives input from all 
the rods in about 1 mm 2 of retina—its reeeptive field. What the 
brain pereeives is therefore a eoarse, grainy image similar to an 
overenlarged newspaper photograph. 

Around the edges of the retina, reeeptor eells are espeeially 
large and widely spaeed. If you fixate on the middle of a page 
of print, you will notiee that you eannot read the words near 
the margins. Visual acuity deereases rapidly as the image falls 
away from the fovea eentralis. Our peripheral vision is a low- 
resolution system that serves mainly to alert us to motion in the 
periphery and to stimulate us to look that way to identify what is 
there. 
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Figure 17.29 Retinal Circuitry and Visual Sensitivity. (a) In the seotopie (night vision) system, many rod eells eonverge on eaeh bipolar eell, and 
many bipolar eells eonverge on eaeh ganglion eell. This allows the rods to eombine their effeets and stimulate the ganglion eell, generating a nerve 
signal even in dim light. However, it means that eaeh ganglion eell (and its optie nerve fiber) represents a relatively large area of retina and produces 
a grainy image. (b) In the photopie (day vision) system, there is little neural eonvergenee. In the fovea, represented here, eaeh eone eell has a “private 
line” to the brain, so eaeh optie nerve fiber represents a tiny area of retina, and vision is relatively sharp. However, the laek of eonvergenee means that 
photopie vision eannot function very well in dim light because weakly stimulated eones eannot eollaborate to stimulate a ganglion eell. AP R 


When you look direetly at something, its image falls on the 
fovea, which is occupied by about 4,000 tiny eones and no rods. 
The other neurons of the fovea are displaeed to the sides, like 
parted hair, so they do not interfere with light falling on the 
eones. The smallness of these eones is like the smallness of 
the dots in a high-quality photograph; it is partially responsible 
for the high-resolution images formed at the fovea. In addi- 
tion, the eones here show no neural eonvergenee. Eaeh eone 
synapses with only one bipolar eell and eaeh bipolar eell with 
only one ganglion eell. This gives eaeh foveal eone a “private 
line” to the brain, and eaeh ganglion eell of the fovea reports 

r\ 

to the brain on a reeeptive field of just 2 p,m of retinal area 
(fig. 17.29b). Cones distant from the fovea exhibit some neural 
eonvergenee, but not nearly as much as rods do. The priee of 
this laek of eonvergenee at the fovea, however, is that eone eells 
eannot have additive effeets on the ganglion eells, and the eone 
system therefore is less sensitive to light (requires brighter light 
to function). 


Apply What You Know 

If you look direetly at a dim star in the night sky, it disappears, 
and if you look slightly away from it, it reappears. Why? 


The Visual Projeetion Pathway 

The first-order neurons in the visual pathway are the bipolar eells 
of the retina. They synapse direetly or indireetly (via amaerine 
eells) with the seeond-order neurons, the retinal ganglion eells, 
whose axons are the fibers of the optie nerve (eranial nerve II). 
The optie nerves leave eaeh orbit through the optie eanal, then 
eonverge to form an X, the optie ehiasm 55 (KY-az-um), inferior 
to the hypothalamus and anterior to the pituitary. Beyond this, the 
fibers continue as a pair of optie traets (see fig. 15.26, p. 429). 
Within the ehiasm, half the fibers of eaeh optie nerve eross 
over to the opposite side of the brain (fig. 17.30). This is ealled 
hemidecussation, 56 sinee only half of the fibers decussate. As a 
result, the right eerebral hemisphere sees objeets in the left visual 
field, because their images fall on the right half of eaeh retina (the 
medial half of the left eye and lateral half of the right eye). You ean 
traee the nerve fibers from eaeh half of the retina in figure 17.30 
to see that they lead to the right hemisphere. Conversely, the left 
hemisphere sees objeets in the right visual field. Sinee the right 
brain eontrols motor responses on the left side of the body and viee 


65 chiasm = eross, X 

56 hemi = half; decuss = to eross, form an X 
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Figure 17.30 The Visual Projeetion Pathway. Note that the hemidecussation at the optie ehiasm results in the oeeipital lobe of eaeh eerebral 
hemisphere reeeiving input from both eyes. 


versa, eaeh side of the brain sees what is on the side of the body 
where it exerts motor eontrol. The visual fields of the two eyes and 
hemispheres overlap in the middle. 

The optie traets pass laterally around the hypothalamus, and 
most of their axons end in the lateral geniculate 57 (jeh-NIC-you- 
late) nucleus of the thalamus. Third-order neurons arise here 
and form the optie radiation of fibers in the white matter of the 
eerebmm. These fibers projeet to the primary visual cortex of the 
oeeipital lobe, where the conscious pereeption of an image occurs. 
A stroke that destroys oeeipital lobe tissue ean cause blindness 
even if the eyes are fully functional. 

Optie nerve fibers from the photosensitive ganglion eells take 
a different route; they projeet to the midbrain and terminate in 
the superior colliculi and adjaeent preteetal nuclei. The superior 
colliculi eontrol the visual reflexes of the extrinsic muscles, and 
the preteetal nuclei are involved in the photopupillary and aeeom- 
modation reflexes of the intrinsie muscles. Thus, these retinal 
ganglion eells (about 1% to 2% of the total) are not engaged in 
producing the images we see, but only in providing input to evoke 
these somatie and autonomic reflexes of the eyes. 

The meehanisms of visual information proeessing in the brain 
are very complex and beyond the seope of this book. Some pro- 
eessing, such as eontrast, brightness, motion, and stereoseopie 


57 geniculate = bent like a knee 


vision, begins in the retina. The primary visual cortex is eonneeted 
by assoeiation traets to nearby visual assoeiation areas in the pos- 
terior part of the parietal lobe and inferior part of the temporal 
lobe. These areas proeess visual data to extract information about 
the loeation, motion, eolor, shape, boundaries, and other qualities 
of the objeets we observe. They also store visual memories and 
enable the brain to identify what we are seeing—for example, to 
reeognize printed words or name the objeets we see. What is yet 
to be learned about visual proeessing promises to have impor- 
tant implieations for biology, medieine, psyehology, and even 
philosophy. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion. 

16. List the optieal eomponents of the eye and state the role of 

eaeh one in the formation of an image. 

17. List as many structural and functional differenees between 

rods and eones as you ean. 

18. Traee the signal pathway from the point where a retinal eell 

absorbs light to the point where a third-order nerve fiber 
ends in the oeeipital lobe. 

19. Discuss the duplicity theory of vision, summarizing the advan- 

tage of having different types of retinal photoreeeptor eells. 
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Developmental and 
eiiníeal Perspeetives 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the prenatal development of the major 
features of the eye and ear; and 

b. deseribe some disorders of taste, vision, hearing, 
equilibrium, and somatosensory function. 


Development of the Ear 

The ear develops from the first pharyngeal pouch (see p. 92) and 
adjaeent tissues of the first and seeond pharyngeal arehes. The first 
seetion to develop is the inner ear. Its earliest traee is a thiekening 
ealled the otie plaeode 58 (otie dise), which develops in the eetoderm 
near the hindbrain in week 3. The plaeode invaginates, forming an 
otie pit and then a fully enelosed otie vesiele, which detaehes from 
the overlying eetoderm by the end of week 4 (fig. 17.3la). 

The otie vesiele differentiates into two ehambers, the utricle 
and saccule. In week 5, the lower tip of the saccule elongates 
and begins to form the eoehlear duct; soon after, three pouches 
grow from the utricle and begin to form the semicircular ducts 
(fig. 17.3 lb). These structures are still embedded in mesenehyme, 
which in week 9 ehondrifies and forms a cartilaginous otie capsule 
enelosing the inner-ear structures. The capsule later ossifies to 
form the petrous part of the temporal bone and its bony labyrinth. 

The middle-ear eavity and auditory tube arise by elongation 
of the first pharyngeal pouch, beginning in week 5. Mesenehyme 
of the first two pharyngeal arehes gives rise to the three auditory 
ossieles and the two middle-ear muscles. These bones and muscles 
remain solidly embedded in mesenehyme until the last month of 
fetal development, at which time the mesenehyme degenerates and 
leaves the hollowed-out middle-ear eavity (fig. 17.3le). 

At the same time as the middle ear begins to form, the faeing 
edges of the first and seeond pharyngeal arehes form three pairs of 
humps ealled auricular hilloeks (fig. 17.3ld). These enlarge, fuse, 
and differentiate into the folds and whorls of the auricle by week 7. 
As this is happening, the first pharyngeal groove between these two 
arehes begins to elongate, grow inward, and form the auditory eanal. 
The tympanie membrane arises from the wall between the auditory 
eanal and tympanie eavity, and thus has an outer eetodermal layer 
and inner endodermal layer, with a thin layer of mesoderm between. 


Development of the Eye 

An early indieation of the development of the eye is the optie 
vesiele, seen by day 24 as an outgrowth on eaeh side of the 
dieneephalon, continuous with the neural tube (fig. 17.32a, b). 
As the optie vesiele reaehes the overlying eetoderm, it invaginates 
and forms a double-walled optie cup, while its eonneetion to the 


58 of = ear; /'e = pertaining to; p/oe = plate; ode = form, shape 


dieneephalon narrows and beeomes a hollow optie stalk. The outer 
wall of the optie cup beeomes the pigment retina, later beeoming 
the pigment epithelium discussed earlier. The inner wall beeomes 
the neural retina. Starting around the end of week 6, the neural 
retina produces waves of eells that migrate toward the vitreous 
body and arrange themselves into layers of reeeptor eells (rods and 
eones) and neurons. The narrow spaee between the pigment retina 
and neural retina beeomes obliterated, but these two walls of the 
cup never fuse. This is why the retina is so easily detaehed later in 
life. By the eighth month, all eell layers of the retina are present. 
Nerve fibers grow from the ganglion eells into the optie stalk, occu- 
pying and eliminating its lumen as they beeome the optie nerve. 

A seemingly peculiar aspeet of the retinas of humans and 
other vertebrate animals is that the rods and eones faee the baek 
of the eye, awayfrom the ineoming light. This arrangement, ealled 
an inverted retina, is quite opposite the seemingly more sensi- 
ble arrangement of the octopus eye, which is like ours in many 
respeets but has its reeeptor eells aimed toward the light. The rea- 
son for the inverted retina of humans is that the rods and eones 
are homologous to the ependymal eells of the neural tube—that 
is, they develop from the same embryonie origin, and thus faee 
inward toward the lumen of the optie cup just like the mature epen- 
dymal eells that faee inward toward the ventrieles of the brain. The 
homology between these retinal eells and ependymal eells is also 
seen in their eilia. Ependymal eells have eonventional motile eilia, 
whereas rod and eone outer segments are modified eilia. 

As the optie cup eontaets the eetoderm on the surface of the 
embryo, it induces eetodermal eells to thieken into a lens plaeode 
(fig. 17.32c). The plaeode invaginates and forms a lens pit, which 
separates from the eetoderm by day 32 and beeomes a lens vesiele 
nestled within the optie cup (fig. 17.32d). (This is quite similar to 
the development of the otie vesiele of the ear.) The lens vesiele is 
hollow at first, but beeomes filled in with lens fibers by day 33. 
The vitreous body develops from a gelatinous seeretion that accu- 
mulates in the spaee between the lens vesiele and optie cup. 

Mesenehyme grows to eompletely surround and enelose the 
optie cup, and differentiates into the extrinsic muscles, some other 
aeeessory structures of the orbit, and some eomponents of the 
eyeball including the ehoroid and selera. The ehoroid is homol- 
ogous to the pia mater and araehnoid mater, and the selera is 
homologous to the dura mater—that is, they arise from the same 
embryonie tissues as these meninges. The mesenehyme lateral to 
the optie cup (near the surface) develops a split that beeomes the 
anterior ehamber of the eye. The eornea develops from both the 
lateral mesenehyme and the overlying eetoderm. The iris grows 
inward from the anterior margin of the optie cup around the end of 
month 3. The eyelids develop from folds of eetoderm with a mes- 
enehymal eenter. The upper and lower eyelids approaeh eaeh other 
and fuse, elosing the eyes, at the end of month 3; they separate 
again, and the eyes open, between months 5 and 7 (fig. 17.32e). 


Disorders of the Sense Organs 

Several disorders of the senses have already been discussed in this 
ehapter. These are listed in table 17.3 along with brief deseriptions 
of five additional disorders of multiple sensory modalities. 
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Figure 17.31 Development of the Ear. See textfor explanation. In 
part (d), the auricular hilloeks are numbered to show what parts of the 
fully developed auricle arise from eaeh one. 


Before You Go On 

-- i 

Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion. 

20. Deseribe the contributions of the first pharyngeal pouch 

and the first two pharyngeal arehes to the development 
of the ear. 

21. From an embryologieal standpoint, explain why rod and 

eone outer segments faee away from the ineoming light. 

22. How are paresthesia and tinnitus similar (table 17.3)? 

23. How are anosmia (p. 164) and ageusia (table 17.3) similar? 
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(d) Development of the auricle 
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Figure 17.32 Development of the Eye. (a) Horizontal seetion of the head of an embryo. The optie vesieles show as outgrowths of the 
dieneephalon. (b) Around day 28, the leading edge of the optie vesiele eontaets the surface eetoderm. (e) The optie vesiele invaginates and beeomes 
an optie cup, while inducing the eetoderm to form the lens plaeode. (d) The lens vesiele is now separated from the surface eetoderm and nestled 
in the optie cup, and a gelatinous vitreous body has been seereted between the lens vesiele and retina. (e) At 5 months, the lens vesiele is solidly filled 
with lens fibers; the selera, ehoroid, iris, and eornea are partially formed; and the eyelids are just about to separate and reopen the eye. 


TABLE 17.3 Some Sensory Disorders 


Ageusia Loss of the sense of one or more taste modalities, often due to damage to the hypoglossal nerve (loss of bitter taste) or 

faeial nerve (loss of sweet, sour, and salty tastes). 

Color blindness Inability to distinguish eertain eolors from eaeh other, such as green and orange, due to a hereditary laek of one of the 

three types of eones. A sex-linked reeessive trait that affeets more men than women. 


Ménière disease 


A disorder of proprioeeption in which one experiences episodes ofvertigo (dizziness) often aeeompanied by nausea, 
tinnitus, and pressure in the ears. Usually aeeompanied by progressive hearing loss. 


Paresthesia 


Feelings of numbness, priekling, tingling, heat, or other sensations in the absenee of stimulation; a symptom of nerve 
injuries and other neurological disorders. 


Tinnitus Pereeption of imaginary sounds such as whistling, buzzing, elieking, or ringing in the ear. May be temporary or permanent, 

intermittent or eonstant; typieally assoeiated with hearing loss in the high frequencies. May result from eoehlear damage, 
aspirin or other drugs, ear infeetions, Ménière disease, or other causes. 

Disorders Deseribed Elsewhere 


Anosmia 164 

Detaehed retina 484 

Leprosy 465 

Astigmatism 486 

Diabetie neuropathy 465 

Middle-ear infeetion 471 

Cataracts 484 

Glaucoma 484 

Myopia 486 

Deafness 474 

Hyperopia 486 

Presbyopia 486 
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part three Integration and Control 



To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

17.1 Reeeptor Types and the General Senses 
(p. 461) 

1. The meaning of sensory reeeptor and the 
range of structures eneompassed by the 
term 

2. How reeeptors are elassified by stimulus 
modality 

3. The differenees between general (somato- 
sensory) and speeial senses, and which 
senses fall into eaeh eategory 

4. How reeeptors are elassified by the origins 
of their stimuli 

5. The types of sensory nerve endings eon- 
sidered to be unencapsulated, and the stim- 
uli they are speeialized to deteet 

6. The types of sensory nerve endings eon- 
sidered to be encapsulated, why they are 
ealled that, and the stimuli they are spe- 
eialized to deteet 

7. The eoneept of a reeeptive field and what 
it implies about sensory effeets in rela- 
tion to the distanee between two points of 
stimulation 

8. The eoneepts of a sensory projeetion path- 
way and the first- through third-order neu- 
rons of the pathway 

9. The projeetion pathways followed by 
somatosensory signals to reaeh the eere- 
bral cortex and cerebellum 

10. A definition of pain, the distinetion 
between fast and slow pain, and the dis- 
tinetion between somatie pain and viseeral 
pain 

11. The projeetion pathways for pain signals 
from the head and from the rest of the 
body 

12. An explanation for referred pain, and some 
examples of it 

13. The role of the reticular formation and 
deseending analgesie fibers in modulating 
one’s sensitivity to pain 

17.2 The ehemieal Senses (p. 466) 

1. The relationship of taste buds to the lin- 
gual papillae; types of lingual papillae 
and where on the tongue they are loeated; 
which types of papillae have taste buds and 
which ones do not; and some loeations of 
taste buds other than on the tongue 


2. The structure of a taste bud and taste eells 

3. The five primary taste sensations and the 
differenee between taste and flavor 

4. The projeetion pathway taken by taste sig- 
nals to their final destinations in the eere- 
bral cortex 

5. The loeation and structure of the olfaetory 
mucosa and olfaetory neurons 

6. The projeetion pathways taken by olfae- 
tory signals from the mucosa to multiple 
destinations in the eerebral cortex, limbie 
system, and hypothalamus 

7. The influence of the eerebral cortex on the 
pereeption of odors, espeeially from the 
anatomieal perspeetive 

17.3 The Ear (p. 470) 

1. The three prineipal subdivisions of the ear 

2. The parts of the outer ear 

3. The parts of the middle ear, including its 
three auditory ossieles and two muscles 

4. The major eomponents of the membranous 
labyrinth of the inner ear 

5. The anatomy of the eoehlea and the func- 
tional differenee between its inner and 
outer hair eells 

6. How vibrations in the ear lead to the gen- 
eration of nerve signals 

7. How eoehlear function enables the brain to 
distinguish loudness and piteh 

8. The projeetion pathway taken by auditory 
signals from the eoehlea to the primary 
auditory cortex of the brain; the functions 
served by the superior olivary nucleus and 
inferior colliculus along the way 

9. The differenees between statie and 
dynamie equilibrium and between linear 
and angular aeeeleration; the inner-ear 
structures speeialized to deteet these 

10. The structure of the saccule and utricle and 
the macula of eaeh 

11. The aetion of the otolithie membrane in 
stimulating the macula sacculi and macula 
utriculi 

12. How the saccules and utricles of the two 
ears enable one to sense the orientation of 
the head and distinguish between vertieal 
and horizontal aeeeleration 

13. The structure of the semicircular ducts and 
how angular movements of the head stimu- 
late their hair eells 

14. The projeetion pathways taken by signals 
of equilibrium to rmiltiple destinations in 
the brainstem, cerebellum, and eerebram 


17.4 The Eye (p. 480) 

1. The aeeessory structures of the orbit and 
their anatomy 

2. The three layers of the wall of the eye and 
the constituents of eaeh layer 

3. The optieal eomponents of the eye and 
how they aet to eontrol light and focus 
images on the retina 

4. The neural eomponents of the eye and 
how different regions of the retina differ 
in function 

5. The structure of rod and eone eells, 
where in eaeh eell the visual pigments are 
loeated, and how the two eell types differ 
in function 

6. The relationship of the rods and eones 
with bipolar eells and ganglion eells in 
the retina, and the origin of the optie 
nerve fibers 

7. The photosensory but nonvisual role of 
some of the ganglion eells 

8. The loeations of horizontal eells and ama- 
erine eells in the retina, and their roles in 
vision 

9. The reasons why both high light sensitiv- 
ity and high resolution eannot be obtained 
with a single type of retinal circuit (rod or 
eone circuit), and in relation to this, how 
the rod and eone circuits in the retina differ 
from eaeh other 

10. The projeetion pathways taken by retinal 
signals to the oeeipital lobe and midbrain, 
including the hemidecussation that occurs 
at the optie ehiasm and how this relates 
to oeeipital lobe input from the right and 
left eyes 

11. The functions of the midbrain and oeeipi- 
tal lobe in vision 

17.5 Developmental and Oinieal 
Perspeetives (p. 491) 

1. How the prineipal structures of the inner 
ear develop from the otie plaeode 

2. How the structures of the outer and mid- 
dle ear develop from the first two pha- 
ryngeal arehes and the first pharyngeal 
pouch 

3. How the optie vesiele arises and how it 
leads to the development of the retina 

4. How the lens, vitreous body, anterior 
ehamber, eornea, iris, and eyelids arise in 
the embryo 
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Testing Your Reeall 


1. Hot and eold stimuli are deteeted by 

a. free nerve endings. 

b. proprioeeptors. 
e. end bulbs. 

d. lamellar corpuscles. 

e. taetile corpuscles. 

2. Sensory signals for all of the following 

except _must pass through the thala- 

mus before they ean reaeh the eerebral 
cortex. 

a. smell 

b. taste 

e. hearing 

d. equilibrium 

e. vision 

3. The vallate papillae are more sensitive to 
_than to any of these other tastes. 

a. bitter 

b. sour 
e. sweet 

d. umami 

e. salty 

4. The ear is somewhat proteeted from loud 
noises by 

a. the vestibule. 

b. the modiolus. 
e. the stapes. 

d. the stapedms. 

e. the superior rectus. 

5. The sensory neurons that begin in the spi- 
ral organ of the ear end in 

a. the spiral ganglion. 

b. the eoehlear nucleus. 

e. the superior olivary nucleus. 


d. the inferior colliculus. 

e. the temporal lobe. 

6. The spiral organ rests on 

a. the tympanie membrane. 

b. the seeondary tympanie membrane. 
e. the teetorial membrane. 

d. the vestibular membrane. 

e. the basilar membrane. 

7. The aeeeleration you feel when an elevator 
begins to rise is sensed by 

a. the anterior semicircular duct. 

b. the spiral organ. 

e. the erista ampullaris. 

d. the macula sacculi. 

e. the macula utriculi. 

8. The highest density of eone eells is found in 

a. the erista ampullaris. 

b. the optie dise. 

e. the fovea eentralis. 

d. the ehorion. 

e. the basilar membrane. 

9. The dilated blood vessels seen in “blood- 
shot” eyes are vessels of 

a. the retina. 

b. the eornea. 

e. the conjunctiva. 

d. the selera. 

e. the ehoroid. 

10. A person would look eross-eyed if_ 

muscles eontraeted at onee. 

a. both medial rectus 

b. both lateral rectus 

e. the right medial rectus and left lateral 
rectus 


d. both superior oblique 

e. the left superior oblique and right 
inferior oblique 

11. The most finely detailed vision occurs 

when an image falls on a pit in the retina 
ealled the_. 

12. Fibers of the optie nerve eome from the 
_eells of the retina. 

13. A sensory nerve ending speeialized to 

deteet tissue injury and produce a sensa- 
tion of pain is ealled a/an_. 

14. The gelatinous membranes of the macula 

sacculi and macula utriculi are weighted 
by calcium earbonate-protein granules 
ealled_. 

15. Three rows of_in the eoehlea have 

V-shaped arrays of stereoeilia and tune the 
frequency sensitivity of the eoehlea. 

16. The_is a tiny bone that vibrates in 

the oval window and thereby transfers 
sound vibrations to the inner ear. 

17. The_of the midbrain reeeive audi- 

tory input and trigger the head-turning 
auditory reflex. 

18. The apieal mierovilli of a gustatory eell are 

ealled_. 

19. Olfaetory neurons synapse with mitral 

eells and tufted eells in the_, which 

lies inferior to the frontal lobe. 

20. In the phenomenon of_, pain from 

the viseera is pereeived as eoming from an 
area of the skin. 

Answers in appendix A 


Building Your Medieal Vocabulary 


State a medieal meaning ofeaeh of the following 

3. fili- 

8. -ate 


word elements, and give a term in which it is used. 

4. oto- 

9. tympano- 


1. noei- 

5. troehle- 

6. fovea 

10. -stomy 


2. an- 

7. alges- 


Answers in appendix A 


True or False 


Determine whichfive of the following statements 
arefalse, and briefly explain why. 

1. Interoeeptors belong to the general senses. 

2. The sensory (afferent) neurons for touch 
end in the thalarmis. 


3. The right eerebral hemisphere pereeives 
things we touch with our left hand. 

4. The optie nerve is eomposed of the axons 
of the rod and eone eells. 


5. Filiform papillae of the tongue have no 
taste buds. 

6. Some ehemoreeeptors are exteroceptors 
and some are interoeeptors. 
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7. Hiimans have more photoreeeptor eells 9. The tympanie membrane has no nerve 10. The vitreous body occupies the posterior 

than taste eells. fibers. ehamber of the eye. 

8. Human neurons are never exposed to the 

external environment of the body. Answers in appendix A 


Testing Your Comprehension 

1. The prineiple of neural eonvergenee was 
explained in ehapter 13. Discuss its rele- 
vanee to referred pain and seotopie vision. 

2. What type of cutaneous reeeptor enables 
you to feel an inseet crawling through your 
hair? What type enables you to palpate a 
patient’s pulse? What type would give you 
a feeling that your belt is too tight? 


3. Prediet the consequences of a hypothetieal 
disorder in which the eye begins to break 
down or reabsorb the gel of the vitreous 
body. 

4. Suppose a viras was able to seleetively 
invade and destroy the following nervous 
tissues. Prediet the sensory consequences 
of eaeh infeetion: (a) the spiral ganglion, 


(b) the vestibular nucleus, (c) the motor fibers 
of eranial nerve VIII, (d) the motor fibers of 
eranial nerve VII, (e) the posterior horns of 
spinal eord segments L3 through S5. 

5. Summarize the similarities and differenees 
between olfaetory eells and taste eells. 
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I f the body is to fiinetion as an integrated whole, its organs 
must communicate with eaeh other and eoordinate their 
aetivities. Even simple organisms of just a few eells have 
meehanisms for intercellular communication. Complex animals 
such as ourselves aehieve this through the nervous and endo- 
erine systems, which communicate with neurotransmitters and 
hormones, respeetively. 

Nearly everyone has heard of at least some hormones, such 
as growth hormone, thyroid hormone, estrogen, and insulin. At 
least passingly familiar, too, are some of the glands that seerete 
them (the pituitary and thyroid glands, for example) and some of 
the disorders that result from hormone excesses, defieieneies, or 
dysfunctions (diabetes, goiter, dwarfism, and many others). This 
ehapter surveys the glands and eells that produce the human 
hormones, with emphasis on their gross anatomy and histology. 
VVhile the emphasis of this book is not on physiology or pathology, 
we will also include here some cursory insights into what hormones 
are, how they aet, how they ehange over the life span, and a few of 
the many things that ean go wrong with this system. 



Overview of the 
Endoerine System 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. define hormone and endoerine system; 

b. explain the eoneept of target organs; 

e. deseribe how endoerine glands differ from exocrine 
glands; and 

d. eompare and eontrast the endoerine and nervous systems. 


Hormones 1 are ehemieal messengers seereted into the bloodstream 
that stimulate physiologieal responses in distant organs. Their 
sources include a elassie inventory of endoerine glands depieted in 
figure 18.1, but also include speeialized seeretory eells found 
in many tissues and organs not usually thought of as glands— 
including the brain, heart, small intestine, and adipose tissue. The 
endoerine system eonsists of all of these hormone-producing 
eells and glands. The study and treatment of this system are ealled 
endoerinology. 

Endoerine glands have an unusually high density of blood 
eapillaries, which serve to piek up and earry away their hormones. 
These vessels are an espeeially permeable type ealled fenestrated 
eapillaries, which have patehes of large pores in their walls 
allowing for the easy uptake of matter from the gland tissue 
(see fig. 21.6, p. 569). 

Onee a hormone enters the bloodstream, it goes wherever the 
blood goes; there is no way to send it seleetively to a particular 
organ. However, the only organs or eells that respond to it are 
those with reeeptors for that hormone. We eall these the target 


organs or target eells. Thyroid-stimulating hormone, for example, 
circulates everywhere the blood goes, but only the thyroid gland 
responds to it. 


Comparison of Endoerine 
and Exocrine Glands 


In ehapter 3, we examined another eategory of glands, the 
exocrine glands. The elassieal distinetion between exocrine and 
endoerine glands is the presenee or absenee of ducts, respeetively. 
Most exocrine glands seerete their products by way of a duct 
onto an epithelial surface such as the skin or intestinal mucosa 
(see fig. 3.29, p. 76); sweat glands and salivary glands are good 
examples. By eontrast, endoerine glands such as the pituitary 
and thyroid are ductless and release their seeretions (hormones) 
into the bloodstream. For this reason, hormones were originally 
ealled the body’s “internal seeretions”; the word endoerine 2 still 
alludes to this faet. Some glands, such as the panereas, eontain 
both exocrine and endoerine eomponents. 

Some glands and seeretory eells defy any elassifieation as 
simple as exocrine versus endoerine. Liver eells, for example, 
behave as exocrine eells in the traditional sense when they seerete 
bile into ducts that lead ultimately to the small intestine. However, 
they also seerete hormones direetly into the blood, and in this 
respeet they aet as endoerine eells. They seerete albumin and 
blood-elotting faetors direetly into the blood as well. These don’t 
fit the traditional eoneept of exocrine seeretions, because they 
are not released by way of ducts; nor do they fit the eoneept of 
endoerine seeretions, because they are not hormones. Liver eells 
are just one of nature’s myriad ways of confounding our impulse to 
rigidly elassify things. 


Comparison of the Endoerine 
and Nervous Systems 

The nervous and endoerine systems both serve for internal commu- 
nieation, but they are not redundant; they eomplement rather than 
duplicate eaeh other’s functions. One important differenee is the 
speed with which they start and stop responding to a stimulus. 
The nervous system typieally responds within a few milliseeonds, 
whereas it takes from several seeonds to days for a hormone to 
aet. When a stimulus eeases, the nervous system stops responding 
almost immediately, whereas hormonal effeets ean last for days 
or even longer. Another differenee is that an efferent nerve fiber 
innervates only one organ and a limited number of eells within that 
organ, so its effeets are usually preeisely targeted and relatively 
speeifie. Some hormones, by eontrast, have very widespread 
effeets on the body, such as thyroid hormone and growth hormone. 

The differenees, however, should not blind us to the similarities 
and interaetions between the two systems. Both communicate 
ehemieally, and several ehemieals function as both hormones and 
neurotransmitters—for example, norepinephrine, dopamine, and 
eholeeystokinin. Thus, a particular ehemieal such as dopamine ean 
be regarded as a hormone when it is seereted by the adrenal gland 


^hormone = to excite, set in motion 


2 endo = internal; erin = to seerete 








CHapter eighteen The Endoerine System 


499 


Pineal gland 


Hypothalamus 
Pituitary gland 




Thyroid gland 
Thymus 



Adrenal gland 
Panereas 






Parathyroid 

glands 






Posterior 

view 


Traehea 



Gonads: 

Ovary (female) 
Testis (male) 



Figure 18.1 Major Organs of the Endoerine System. This system also includes gland eells in many organs not shovvn here. 
After reading this ehapter, name at least three hormone-seereting organs that are not shovvn in this illustration. apir 


or as a neurotransmitter when it is seereted by a neuron of the brain. 
Another similarity is that some hormones and neurotransmitters 
produce identieal effeets on the same target eells. For example, 
both norepinephrine and glucagon stimulate the liver to break 
down glyeogen and release glucose. 

The nervous and endoerine systems continually regulate eaeh 
other as they eoordinate the aetivities of other organ systems. Some 
neurons trigger hormone seeretion, and some hormones stimulate 
or inhibit neurons. 

Some eells defy any attempt to rigidly elassify them as neurons 
or gland eells. They aet like neurons in many respeets, but like 
endoerine eells, they release their seeretions (such as oxytocin) into 
the blood. Thus, we give them a hybrid name— neuroendocrine 
eells. 


Before You Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

1. Define the vvord hormone. Compare hormones and neu- 
rotransmitters (see ehapter 13). What do they have in eom- 
mon? Hovv do they differ? 

2. Define the term target eell. 

3. Compare and eontrast exocrine and endoerine glands. 
Explain vvhy this is an imperfeet distinetion. 

4. Hovv do the nervous and endoerine systems differ? Hovv 
are they alike? What are some vvays in vvhieh they overlap 
eaeh other’s functions and interaet vvith eaeh other? 
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The Hypothalarrms 
and Pituitary Gland 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the loeation and anatomy of the pituitary 
gland and its anatomieal relationship with the 
hypothalamus; 

b. explain how the hypothalamus eontrols pituitary 
function; and 

e. list the hormones produced by the two lobes of the 
pituitary gland and state their functions. 


There is no master eontrol eenter that regulates the entire endoerine 
system, but the pituitary gland and a nearby region of the brain, 
the hypothalamus, do regulate much of it. They are an appropriate 
plaee to start our survey of endoerine glands. 

Anatomy 

The hypothalamus, shaped like a flattened funnel, forms the floor 
and walls of the third ventriele of the brain; it is further detailed in 
ehapter 15 (see p. 415). It regulates primitive functions of the body 
ranging from water balanee to sex drive and earries out many of its 
roles by way of the pituitary gland. 

The pituitary gland (hypophysis 3 ) is attaehed to the hypo- 
thalamus by a stalk and is partially enelosed in the saddlelike 


DEEPER INSIGHT 



Empty Sella Syndrome 

A radiologist normally expects to see the pitiiitary gland “at home” 
in the sella turcica, but sometimes in the course of tests for 
pituitary disorders, a CT or MRI sean reveals an empty sella 
turcica and seeming absenee of a pituitary. This is ealled empty 
sella syndrome (ESS). Given the vital importanee of the pituitary 
gland, ESS might seem to be a life-threatening eondition, yet it 
is often assoeiated with no endoerine dysfunctions and it usually 
requires no treatment. More than three-quarters of ESS patients 
are obese women, and many are hypertensive. Many of these 
patients have elevated fluid pressure within the cranium, and 
some even seep eerebrospinal fluid from the nose. Elevated 
intraeranial pressure ean flatten the pituitary tissue against the 
wall of the sella turcica, ereating the appearanee of an empty 
sella even though the pituitary is present and functional. Some 
eases ofESS, however, resultfrom the shrinkage of pituitary tissue 
following surgery, radiation therapy, or trauma. These eases are 
more often assoeiated with systemie endoerine dysfunctions and 
may require hormone replaeement therapy. 


3 hypo = below; physis = growth 


sella turcica of the sphenoid bone (deseribed on p. 162). It is 
an ovoid gland about 1.3 em wide (approximately the size of a 
kidney bean), but grows 50% larger during pregnaney. Although 
it looks like a single gland on casual inspeetion, its histology and 
embryology show it to be eomposed of two lobes—the anterior 
and posterior pituitary —with independent origins and separate 
functions. In the fetus, there is a strip of tissue ealled the pars 
intermedia (“intermediate part”) between the two lobes, but 
during subsequent development, its eells mingle with those of 
the anterior lobe. There is no longer a separate pars intermedia 
in adults. 

The anterior pituitary, also ealled the anterior lobe or 
adenohypophysis 4 (AD-eh-no-hy-POFF-ih-sis), is the anterior 
three-quarters of the pituitary (fig. 18.2). It has three elasses of 
eells (fig. 18.3a): aeidophils and basophils, which stain darkly 
with aeidie and basie dyes, respeetively; and ehromophobes, 5 
which take up little dye and appear relatively pale. Aeidophils 
and basophils seerete the anterior pituitary hormones. There are 
at least five subclasses of these eells, but they are indistinguish- 
able with ordinary histologieal stains. Chromophobes exhibit 
little or no seeretory aetivity and are of uncertain function. 
Some of them may be stem eells that give rise to aeidophils and 
basophils. 

The anterior pituitary has no nervous eonneetion to the hypo- 
thalamus, but is linked to it by a complex of blood vessels ealled 
the hypophyseal portal system. In circulatory anatomy, a portal 
system is a route in which blood flows through two eapillary beds, 
one after another, before returning to the heart. The pituitary gland 
is fed by a superior hypophyseal artery, which breaks up into a bed 
of primary eapillaries in the hypothalamus. These eapillaries drain 
into portal venules (small veins) that travel down the pituitary stalk 
to a bed of seeondary eapillaries in the anterior pituitary. The 
hypothalamus eontrols the pituitary by seereting hormones that 
enter the primary eapillaries, travel down the portal venules, and 
leave the seeondary eapillaries when they get to the anterior lobe. 
Some of these hormones stimulate the pituitary to release its own 
hormones, and others inhibit it. 

The posterior pituitary, also ealled the posterior lobe or 
neurohypophysis, is the posterior one-quarter of the pituitary. 
The stalk (infundibulum) that eonneets the pituitary to the 
hypothalamus is part of the posterior lobe. The posterior pitu- 
itary is not a true gland but a mass of nervous tissue—neuroglia 
intermingled with axons that arise from eertain hypothalamie 
neuroendocrine eells (fig. 18.3b). The axons travel through the 
stalk as a bundle ealled the hypothalamo-hypophyseal traet 
and end in the posterior lobe. The neurons in the hypothalamus 
seerete hormones that are transported down the axons and 
stored in the posterior lobe. Later, a nerve signal traveling down 
the same axons ean trigger the release of these hormones into 
the blood. 


4 adeno = gland 

5 chromo = eolor, dye; phob = fearing, repelling 
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Figure 18.2 Anatomy of the Pituitary Gland. (a) Major structures of the pituitary as a whole, and hormones of the posterior lobe. Note 
that these hormones are produced by two nuclei of neuroendocrine eells in the hypothalamus and later released from the posterior lobe. 
(b) The hypophyseal portal system. The hormones in the violet box are seereted by the hypothalamus and travel in the portal blood vessels 
to the anterior pituitary. The hormones in the pink box are seereted by the anterior pituitary under the eontrol of these releasing and inhibiting 
hormones from the hypothalamus. 

Which pituitary lobe is essentially eomposed ofbrain tissue? AP | R 
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Figure 18.3 Histology of the Pituitary Gland. (a) The anterior 
lobe. Basophils include gonadotropes, thyrotropes, and eortieotropes. 
Aeidophils include somatotropes and laetotropes. These subtypes 
are not distinguishable with this histologieal stain. The ehromophobes 
resist staining, and their function is not yet known. (b) The posterior 
lobe, eomposed of nervous tissue. 


Hypothalamie Hormones 

We now survey the hormones produced by these three regions—the 
hypothalamus, anterior lobe, and posterior lobe—including brief 
deseriptions of the most basie functions of eaeh hormone. 

The hypothalamus produces six hormones that regulate the 
anterior pituitary (fig. 18.2 and table 18.1). Four of these are 
releasing hormones, which stirmdate the anterior pituitary to 
seerete its hormones; two of them are inhibiting hormones, which 
suppress pituitary seeretion. In most eases, the name of the hypotha- 
lamie hormone indieates the pituitary hormone whose seeretion 
it stiimilates or inhibits; thyrotropin-releasing hormone, for 
example, stimulates the anterior pituitary to release thyrotropin. 
Gonadotropin-releasing hormone eontrols both follicle-stimulating 


hormone and luteinizing hormone, eolleetively ealled gonadotro- 
pins. Growth hormone-inhibiting hormone ( GHIH) is also known 
as somatostatin. The other two hypothalamie hormones— oxytocin 
(OT) and antidiuretic hormone (ADH)— -are synthesized in the 
brain but stored and seereted by the posterior pituitary. They will 
be discussed later in eonneetion with posterior pituitary function. 


Anterior Pituitary Hormones 

The anterior lobe of the pituitary gland synthesizes and seeretes six 
prineipal hormones (table 18.2). The first four of these are ealled 
tropie 6 or trophie 7 hormones because they stimulate the growth of 
other endoerine glands. The first two, targeted to the gonads, are 
ealled gonadotropins. Figure 18.4 shows the relationships of these 
hormones to their downstream target organs. 


1. Follicle-stimulating hormone (FSH). FSH is seereted by 
pituitary eells ealled gonadotropes, in the basophil elass. 

Its target organs are the ovaries and testes. In the ovaries, 
it stimulates the seeretion of ovarian hormones and the 
development of the bnbblelike follieles that eontain the eggs. 
In the testes, it stimulates the production of sperm. 

2. Luteinizing hormone (LH). LH is also seereted by the 
gonadotropes. In females, it stiimilates ovulation (the release 
of an egg). LH is named for the faet that after ovulation, 

it stimulates the remainder of the folliele to develop into a 
yellowish body ealled the corpus luteum. 8 It also stimulates 
the corpus luteum to seerete progesterone, a hormone 
important in pregnaney. In males, LH stiimilates the testes 
to seerete testosterone. 


3. Thyroid-stimulating hormone (TSH), or thyrotropin. 

TSH is seereted by basophils ealled thyrotropes. It stiimilates 
growth of the thyroid gland and the seeretion of thyroid 
hormone, whose effeets are deseribed later. 


4. Adrenoeortieotropie hormone (ACTH), or eortieotropin. 

ACTH is seereted by basophils ealled eortieotropes. It is 
important in regulating the body’s response to stress. It is 
named for its effeet on the adrenal cortex, the outer layer of 
an endoerine gland near the kidney. ACTH stimulates the 
adrenal cortex to seerete hormones ealled glucocorticoids, 
discussed later. 


6 trop = to turn, ehange 

7 troph = to feed, nourish 

8 corpus = body; lute = yellow 


TABLE 18.1 


Hypothalamie Releasing and Inhibiting Hormones That Regulate the Anterior Pituitary 


Hypothalamie Hormone 

Thyrotropin-releasing hormone (TRH) 
Corticotropin-releasing hormone (CRH) 
Gonadotropin-releasing hormone (GnRH) 

Growth hormone-releasing hormone (GHRH) 

Growth hormone-inhibiting hormone (GHIH) (somatostatin) 


Prineipal Effeets on Anterior Pituitary 

Promotes seeretion of thyroid-stimulating hormone and prolaetin 
Promotes seeretion of adrenoeortieotropie hormone 
Promotes seeretion of follicle-stimulating hormone and luteinizing hormone 
Promotes seeretion of growth hormone 

Inhibits seeretion of growth hormone and thyroid-stimulating hormone 


Prolaetin-inhibiting hormone (PIH) 


Inhibits seeretion of prolaetin 
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TABLE 18.2 Pituitary Hormones 

Hormone 

Target Organs 

Prineipal Effeets 

Anterior pituitary 

Follicle-stimulating hormone (FSH) 

Ovaries, testes 

Female: growth of ovarian follieles and seeretion of estrogen 

Male: sperm production 

Luteinizing hormone (LH) 

Ovaries, testes 

Female: ovulation, production and maintenanee of corpus luteum 

Male: testosterone seeretion 

Thyroid-stimulating hormone (TSH) 

Thyroid gland 

Growth ofthyroid, seeretion of thyroid hormone 

Adrenoeortieotropie hormone 
(ACTH) 

Adrenal cortex 

Growth of adrenal cortex, seeretion of glucocorticoids 

Prolaetin (PRL) 

Mammary glands, testes 

Female: milk synthesis 

Male: inereased LH sensitivity and testosterone seeretion 

Growth hormone (GH) 

Liver, bone, eartilage, muscle, fat 

Widespread tissue growth, espeeially in the stated tissues 

Posterior pituitary 

Antidiuretic hormone (ADH) 

Kidneys 

Water retention 

Oxytocin (OT) 

Uterus, mammary glands, brain 

Labor eontraetions, milk release; possibly involved in ejaculation, sperm 
transport in the female, sexual affeetion, and parent-offspring bonding 


5. Prolaetin 9 (PRL). PRL is seereted by aeidophils ealled 
laetotropes (mammotropes), which inerease greatly in size 
and number during pregnaney. They seerete PRL during 
pregnaney and for as long as a woman nurses, although 
PRL has no effeet on the mammary glands until after she 
gives birth. Then, it stimulates them to synthesize milk. The 
physiologieal signifieanee of PRL in males remains uncertain. 
A tumor of the laetotropes sometimes causes milk seeretion 
in men and in women who are not nursing; this eondition is 
ealled galaetorrhea. 

6. Growth hormone (GH), or somatotropin. GH is seereted 
by aeidophils ealled somatotropes, the most numerous eells 
in the anterior pituitary. The pituitary produces at least a 
thousand times as much GH as any other hormone. Unlike 
the foregoing hormones, it is not targeted to one or a few 
organs, but has widespread effeets on the body, espeeially 
on eartilage, bone, muscle, and fat. Its general effeet is to 
promote mitosis and cellular differentiation and thus to 
promote widespread tissue growth. GH not only stimulates 
the foregoing tissues direetly, but also stimulates the liver 
and other tissues to seerete insulin-like growth faetors 
(somatomedins 10 ), or IGFs. IGFs stimulate the same 
target organs as GH (fig. 18.4). Together, they support 
tissue growth by mobilizing energy from fat, inereasing 
levels of calcium and other eleetrolytes, and stimulating 
protein synthesis. Their most conspicuous effeets occur 
during ehildhood and adoleseenee. They continue to 
function in energy metabolism and tissue maintenanee 
throughout adult life, but adults suffer no ill effeets from a 
GH defieieney. 


9 pro = favoring; loet = milk 

10 Acronym for somofotropin mediating prot ein 


Posterior Pituitary Hormones 

The two posterior lobe hormones are ADH and OT. Both are 
synthesized in the hypothalamus, transported down the stalk, 
stored in the posterior pituitary, and released on demand (fig. 18.2). 

1. Antidmretie 11 hormone (ADH). ADH is synthesized 
primarily in a pair of neuron clusters ealled the supraoptic 
nuclei, loeated on the left and right sides of the hypothalamus 
just above the optie ehiasm. ADH inereases water retention 
by the kidneys, reduces urine volume, and helps prevent 
dehydration. It is also ealled arginine vasopressin because it 
ean cause vasoeonstrietion. This requires eoneentrations so 
unnaturally high for the human body, however, that this effeet 
is of doubtful signifieanee except in pathologieal states. ADH 
also functions as a brain neurotransmitter and is usually ealled 
arginine vasopressin in the neuroscience literature. 

2. Oxytocin 12 (OT). OT is synthesized primarily by a pair 
of hypothalamie nuclei ealled the paraventricular nuclei, 
loeated in the left and right walls of the third ventriele. It has 
a variety of reproductive roles. In ehildbirth, it stimulates 
labor eontraetions, and in laetating mothers, it stimulates the 
flow of milk to the nipple, making it aeeessible to the nursing 
infant. In both sexes, OT surges during sexual arousal and 
orgasm; this surge may play a role in the propulsion of semen 
through the male reproductive traet and in uterine eontraetions 
that help transport sperm up the female reproductive traet. It 
also evidently functions in feelings of sexual satisfaetion and 
emotional bonding between partners and in maternal bonding 
with an infant. In the absenee of oxytocin, female mammals 
tend to negleet their helpless infants. 


11 onti = against; diuret = to pass through, urinate 
u oxy = sharp, quick; toe = ehildbirth 
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Figure 18.4 Hormones and Target Organs 

of the Anterior Pituitary Gland. Hypothalamie 
releasing hormones, shovvn at the top, 
stimulate seeretion of all ofthe anterior pituitary 
hormones (bottom). 
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Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

5. What are tvvo good reasons for eonsidering the pituitary to 
be tvvo separate glands? 

6. Deseribe tvvo anatomieal routes by vvhieh the hypothalamus 
sends signals to the pituitary gland. 

7. Construct a three-column table. In the middle column, list 
the six hormones of the anterior pituitary gland. On the left, 
list the hypothalamie hormones that eontrol these pituitary 
seeretions. On the right, list the target organ and effeet of 
eaeh anterior pituitary hormone. 

8. Name the tvvo hormones released by the posterior lobe 
of the pituitary, state vvhere they are produced, and state 
their functions. 



Other Endoerine Glands 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the structure and loeation of the remaining 
endoerine glands; 

b. name the hormones that these endoerine glands 
produce and state their functions; and 

e. discuss the roles of endoerine eells in organs other 
than the elassie endoerine glands. 


The Pineal Gland 

The pineal 13 gland (epiphysis eerebri) is attaehed to the roof of 
the third ventriele beneath the posterior end of the corpus callosum 


13 p/'neo/ = pine eone 
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(see fig. 15.2, p. 401, and fig. 18.1). Its name alludes to a shape 
resembling a pine eone. The philosopher René Deseartes (1596- 
1650) thought it was the seat of the human soul. If so, ehildren 
must have more soul than adults—a ehild’s pineal gland is about 
8 mm long and 5 mm wide, but after age 7, it regresses rapidly 
and is no more than a shmnken mass of fibrous tissue in the adult. 
Pineal seeretion peaks between the ages of 1 and 5 years; by the 
end of puberty, it deelines 75%. Such shrinkage of an organ is 
ealled involution. It is aeeompanied by the appearanee of ealeified 
granules ealled pineal sand. These granules are visible on X-rays, 
enabling radiologists to determine the position of the gland. 
Displaeement of the pineal from its normal loeation ean be 
evidenee of a brain tumor or other structural abnormality. 

We no longer look for the human soul in the pineal gland, but this 
little organ remains an intriguing mystery with obscure functions. 
During the night, it synthesizes melatonin, which may suppress 
gonadotropin seeretion and prevent premature sexual matura- 
tion (see p. 515). The pineal is also thought to play a role in our 
24-hour eireadian rhythms of physiologieal function synehro- 
nized with the eyele of daylight and darkness. It may be involved 
in human mood disorders such as premenstmal syndrome and 
seasonal affeetive disorder. 


The Thymus 

The thymus plays a role in three systems: endoerine, lymphatie, 
and immune. It is a bilobed gland in the mediastimim superior to 
the heart, behind the sternal manubrium. In the fetus and infant, it 
is enormous in eomparison to adjaeent organs, sometimes protmd- 
ing between the lungs nearly as far as the diaphragm and extending 
upward into the neek (fig. 18.5a). It continues to grow until the 
age of 5 or 6 years, although not as fast as other thoraeie organs, 
so its relative size deereases. After the age of 14, it undergoes 
rapid involution. It weighs about 20 g up to age 60, but it beeomes 


inereasingly fatty and less glandular with age. In the elderly, it is 
a small fibrous and fatty remnant barely distinguishable from the 
surrounding mediastinal tissues (fig. 18.5b). 

The thymus is a site of maturation for eertain white blood eells 
that are eritieally important for irnrmme defense (T lymphoeytes, 
T for thymus). It seeretes several hormones (thymopoietin, 
thymosin, and thynmlin) that stimulate the development of other 
lymphatie organs and regulate the development and aetivity of the 
T lymphoeytes. Its histology is discussed more fully in ehapter 22 
in relation to its immune function. 


The Thyroid Gland 

The thyroid gland is the largest adult gland to have purely endoerine 
functions; it weighs 20 to 25 g. It is eomposed of two lobes that wrap 
like a butterfly around the traehea, immediately below the larynx 
(fig. 18.6a). It is named for the nearby, shieldlike thyroid 14 eartilage 
of the larynx. Eaeh lobe of the gland is bulbous at the inferior end 
and tapers superiorly. Near the inferior end, the two lobes are joined 
by a narrow bridge of tissue, the isthnms, which erosses the front of 
the traehea. About 50% of people have an aeeessory pyramidal lobe, 
usually small, growing upward from the isthmus. Some people laek 
an isthmus, and some have thyroid tissue embedded in the root of 
the tongue, the thymus, or other plaees in the neek. 

The thyroid gland reeeives one of the body’s highest rates of 
blood flow per gram of tissue. Its abundant blood vessels give 
the gland a dark reddish brown eolor. It is supplied by a pair of 
superior thyroid arteries that arise from the external earotid 
arteries of the neek, and a pair of inferior thyroid arteries that arise 
from the subclavian arteries near the elavieles. It is drained by two 
to three pairs of thyroid veins ( superior ; middle, and inferior ), 
which flow into the internal jugular and braehioeephalie veins. 


n thyr = shield; oid = like, resembling 
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Figure 18.5 The Thymus. (a) The neonatal thymus is deeper red than 
the adult thymus because of a rieher blood flow. (b) In the thyrrms of an 
older adult, circulation is greatly reduced and much of the glandular tissue is 
replaeed with fat and fibrous tissue. APIR 



(b) Adult 
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Figure 18.6 The Thyroid Gland. (a) Gross anatomy, anterior view. Major blood vessels are shown only on the anatomieal right. (b) Histology, 
showing the saccular thyroid follieles (source of thyroid hormone) and a nest of C eells. 

• Whot is the function oftheC eells? APl R 


The main histologieal feature of the thyroid is that it is eomposed 
mostly of saes ealled thyroid follieles (fig. 18.6b), which are lined 
by a simple cuboidal epithelium of follicular eells and filled with 
a protein-rieh eolloid. Follicular eells seerete mainly the hormone 
thyroxine, also known as tetraiodothyronine (TET-ra-EYE-oh- 
doe-THY-ro-neen), or T 4 , because it has four iodine atoms in its 
structure. The thyroid also produces triiodothyronine (try-EYE- 
oh-doe-THY-ro-neen), or T 3 , with three iodine atoms. The 
expression thyroid hormone (TH) refers to T 4 and T 3 eolleetively. 

Thyroid hormone stimulates prenatal and ehildhood brain 
development and bone growth, promotes pituitary seeretion of 
growth hormone, quickens the somatie reflexes, raises the heart 
rate and metabolie rate, promotes intestinal absorption of earbohy- 
drates, and lowers the plasma eholesterol level. TH also stimulates 
one’s metabolie rate and makes a signifieant contribution to the 
body’s heat production. This is ealled the ealorigenie 15 effeet. 

The thyroid gland also eontains nests of less numerous C (elear) 
eells, or parafollicular eells, at the periphery of the follieles. They 
seerete the hormone ealeitonin when the blood calcium level 
rises above normal (a state ealled hyperealeemia). Calcitonin tips 
the balanee between bone deposition and resorption in favor of 
deposition, and the blood calcium level falls as calcium is ineor- 
porated into the bones. This effeet, however, is signifieant only in 
ehildren; in healthy adults, the effeet of ealeitonin is negligible. 

The Parathyroid Glands 

The parathyroid glands are small ovoid glands in the neek 
measuring about 3 to 8 mm long and 2 to 5 mm wide. Usually 
there are four of them, but about 5% of people have more. They 
most often adhere to the posterior side of the thyroid gland in the 


15 co/or/ = heat; genie = producing 


approximate positions shown in figure 18.7a, but the parathy- 
roids are highly variable in loeation and not always attaehed to 
the thyroid. They ean occur as far superiorly as the hyoid bone 
and as far inferiorly as the aortie areh. They have a thin fibrous 
capsule separating them from the thyroid tissue (fig. 18.7b). They 
are supplied with blood and drained by the same vessels as the 
thyroid gland. 

Hypoealeemia, a calcium defieieney, stimulates the ehief eells 
of the parathyroids to seerete parathyroid hormone (PTH). 
PTH raises blood calcium levels by promoting intestinal calcium 
absorption, inhibiting urinary calcium excretion, and indireetly 
stimulating osteoelasts to resorb bone. 



A Lethal Effeet of Postsurgical 
Hypoparathyroidism 

Thyroid eaneer and other dysfunctions sometimes require the 
surgical removal of thyroid tissue. Because of their variable 
loeation and small size, the parathyroid glands are sometimes 
aeeidentally removed along with it. Without hormone replaeement 
therapy, the laek of parathyroid hormone (hypoparathyroidism) 
leads to a rapid deeline in blood calcium levels. Hypoealeemia, 
a defieieney of blood-borne calcium, makes the skeletal muscles 
overly excitable and prone to exhibit spasmodie eontraetions 
ealled hypoealeemie tetany. One sign of this is spasmodie flexion 
of the hands and feet (earpopedal spasm). A more serious effeet 
is tetany of the laryngeal muscles, elosing off the airway and 
causing suffocation. A patient ean die in as little as 3 or 4 days 
withouttreatment. Because of this danger, surgeons usually try to 
leave the posterior part of the thyroid gland intaet. 
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Figure 18.7 The Parathyroid Glands. (a) There are usually four parathyroid glands 
embedded in the posterior surface of the thyroid gland. (b) Histology. APIR 


The Adrenal Glands 

An adrenal (suprarenal) gland is attaehed to the superior to 
medial aspeet of eaeh kidney (fig. 18.8). The right adrenal gland is 
more or less triangular and rests on the superior pole of the kidney. 
The left adrenal gland is more ereseent-shaped and extends from 
the medial indentation (hilum) of the kidney to its superior pole. 
Like the kidneys, the adrenal glands are retroperitoneal, lying out- 
side the peritoneal eavity between the peritoneum and posterior 
body wall. Eaeh adult adrenal gland measures about 5 em high, 
3 em wide, and 1 em from anterior to posterior. It weighs 7 to 10 g 
in adults but about twice this much in the newborn. By the age of 
2 months, its weight drops about 50%, mostly because of involu- 
tion of the outer layer, the adrenal cortex. 

Like the pituitary, the adrenal gland forms by the merger of two 
fetal glands with different origins and functions. Its inner eore, the 
adrenal mediilla, is 10% to 20% of the gland. Depending on blood flow, 
its eolor ranges from gray to dark red. Surrounding it is a much thieker 
adrenal cortex, constituting 80% to 90% of the mass of the gland and 
having a yellowish eolor due to its high eoneentration of eholesterol and 
other hpids. The entire gland is enelosed in a fibrous capsule. 

The adrenal gland reeeives blood from three arteries: a superior 
snprarenal artery arising from the phrenie artery of the diaphragm; 
a middle suprarenal artery arising from the aorta; and an inferior 
suprarenal artery arising from the renal artery of the kidney. It is 
drained by a suprarenal vein, which empties from the right adrenal 
gland into the inferior vena eava and from the left adrenal gland 
into the left renal vein. 

The Adrenal Medulla 

The adrenal medulla has a dual nature, aeting as both an 
endoerine gland and a ganglion of the sympathetie nervous system 


(see p. 450). Sympathetie preganglionie nerve fibers penetrate 
through the adrenal cortex to reaeh ehromaffin (ero-MAFF-in) 
eells in the adrenal medulla. These eells, named for their ten- 
deney to stain brown with eertain dyes, are essentially sympathetie 
postsynaptie neurons. However, they have no axon or dendrites, 
and they release their products direetly into the bloodstream like 
any other endoerine gland; thus, they are eonsidered to be neuroen- 
doerine eells. Upon stimulation by the nerve fibers, they seerete a 
mixture of epinephrine, norepinephrine, and dopamine. Seere- 
tion rises in eonditions of fear, pain, and other kinds of stress, and 
they mimie and supplement the arousing effeets of the sympathetie 
nervous system. Among other effeets, they raise the metabolie 
rate, inerease the heart rate and eontraetion strength, and mobi- 
lize glucose and fatty aeids to meet the body’s elevated energy 
requirement. 


The Adrenal Cortex 

The adrenal cortex surrounds the medulla on all sides. It pro- 
duces more than 25 steroid hormones, known eolleetively as the 
eortieosteroids or eortieoids. All of them are synthesized from 
eholesterol, which, along with other lipids, imparts a yellow eolor to 
the cortex. Only five eortieosteroids are physiologieally signifieant 
for present purposes. The cortex is eomposed of three layers of tissue, 
which differ in their histology and hormone output (fig. 18.8b). 

1. The zona glomeriilosa 16 (glo-MER-you-LO-suh) is a thin 
layer, less developed in humans than in some other mammals, 
loeated just beneath the capsule at the gland surface. The name 
glomemlosa (“full of little balls”) refers to the arrangement of 


K glomerul = little ball; oso = full of 
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Figure 18.8 The Adrenal 

Gland. (a) Loeation and 
gross anatomy. (b) Dravving 
and photograph of adrenal 
histology. APIR 
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its eells in little round clusters. The zona glomemlosa seeretes 
a family of hormones ealled mineraloeortieoids. 

2. The zona fasciculata 17 (fah-SIC-you-LAH-ta) is a thiek 
middle layer constituting about three-quarters of the cortex. 
Here the eells are arranged in parallel eords (faseieles), 
separated by blood eapillaries, perpendicular to the adrenal 
surface. The eells of the fasciculata are ealled spongioeytes 
because of a foamy appearanee caused by their abundance 
of eytoplasmie lipid droplets. This zone seeretes hormones 
ealled gliieoeortieoids and sex steroids. 

3. The zona reticularis 18 (reh-TIC-you-LAR-iss) is the narrow, 
innermost layer, adjaeent to the adrenal medulla. Its eells 
form a branehing network for which the zone is named. This 
layer seeretes sex steroids— androgens and smaller amounts 
of estrogens. Androgens are present and important in both 
sexes but are named for their best-known effeet—stimulating 
many aspeets of male development and reproductive 
physiology. The androgens of the adrenal cortex are 
dehydroepiandrosterone (DHEA) (dee-HY-dro-EP-ee-an- 
DROSS-ter-own) and androstenedione (AN-dro-STEEN-di- 
own). These are similar to testosterone but less potent. They 
stimulate the prenatal development of the male reproductive 
traet; the growth of pubic and axillary hair and apoerine seent 
glands in puberty in both sexes; and the libido (sex drive) of 
both sexes in adoleseenee and adulthood. 


Aldosterone is the most signifieant mineraloeortieoid, and is 
seereted only by the zona glomemlosa. It aets on the kidneys to retain 


v foscicuI = little bundle; oto = possessing 
18 ref/ci// = little netvvork; oris = pertaining to 


sodium in the body fluids and excrete potassium in the urine. Sinee 
water is retained with the sodium by osmosis, aldosterone helps to 
maintain blood volume and pressure. Cortisol (hydroeortisone), 
the most potent glucocorticoid, is seereted by the zona fasciculata 
and zona reticularis. It stimulates fat and protein breakdown, glucose 
synthesis, and the release of fatty aeids and glucose into the blood. 
It helps the body adapt to stress and to rebuild damaged tissues. 
Androgens and estrogens are sex steroids seereted by the zona 
fasciculata and zona reticularis. The adrenal androgens are testoster- 
one relatives eoneerned with reproductive development and behavior 
and with maintenanee of bone mass. In men, the large amount of 
androgen seereted by the testes overshadows that of the adrenals, 
but in women, the adrenal glands meet about 50% of the androgen 
requirement. Adrenal estrogen is normally of minor importanee in 
women of reproductive age because its quantity is small eompared 
to that produced by the ovaries. After menopause, however, the 
ovaries no longer function and only the adrenals seerete estrogen. 


Apply What You Know 

The zona fasciculata thiekens signifieantly in pregnant vvomen. 
What do you think would be the benefit of this phenomenon? 


The Panereatie Islets 

The panereas is an elongated, spongy gland loeated below and 
behind the stomaeh; most of it is retroperitoneal (fig. 18.9). It is 
approximately 15 em long and 2.5 em thiek. Most of it is an exocrine 
digestive gland, and its gross anatomy is therefore discussed in 
ehapter 24 (see p. 677). Dispersed throughout the exocrine tissue, 
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Figure 18.9 The Panereas. (a) Gross anatomy and relationship to the duodenum. (b) Cells of a panereatie islet. PP and G eells are not shovvn; they 
are fevv in number and eannot be distinguished vvith ordinary histologieal stains. (e) Light mierograph of a panereatie islet amid the darker exocrine tissue 

VZhat is the function ofthe exocrine eells in this glond? APIR 


however, are about 1 to 2 million endoerine eell clusters ealled the 
panereatie islets (islets of Langerhans 19 ). Although they are less 
than 2% of the mass of the panereas, the islets seerete hormones of 
vital importanee to metabolism—espeeially insulin and glucagon. 
The major effeet of these hormones is to regulate glyeemia, the 
eoneentration of glucose in the blood. 

A typieal panereatie islet measures about 75 X 175 p,m. Islets 
eontain from a few to 3,000 eells, belonging primarily to three elasses: 

1 . Alpha (a) eells, or A eells, which seerete glucagon. Glucagon 
is seereted between meals when the blood glucose level falls. 
Its effeets are to stimulate the release of stored glucose from 
the liver and fatty aeids from adipose tissue, thereby providing 
the body with blood-borne fuel until the next meal. 

2. Beta ((3) eells, or B eells, which seerete insulin and amylin. 
Insulin is seereted during and immediately after a meal in 
response to rising levels of blood-borne nutrients such as 
ghieose and amino aeids. It stimulates most body tissues to 
absorb these nutrients and store or metabolize them. Amylin 
enhanees the effeets of insulin and infhienees gastrie 
emptying and bile seeretion. 

3. Delta (5) eells, or D eells, which seerete somatostatin (growth 
hormone-inhibiting hormone). Somatostatin is seereted under 
the same eonditions as insulin. It helps to regulate the speed of 
digestion and nutrient absorption, and perhaps modulates the 
aetivity of other panereatie islet eells. 

19 Paul Langerhans (1847-88), German anatomist 


Other, minor types of panereatie eells are ealled PP and G eells. 
Their functions remain obscure and eontroversial, so we will not 
further eonsider them. The proportions of these panereatie eells 
are about 20% alpha, 70% beta, 5% delta, and small numbers of 
PP and G eells. 


The Gonads 

Like the panereas, the gonads (ovaries and testes) function as both 
endoerine and exocrine glands. Their exocrine products are eggs 
and sperm, and their endoerine products are the gonadal hormones, 
most of which are steroids. Their gross anatomy is deseribed in 
ehapter 26. 

The ovaries seerete ehiefly estrogen, progesterone, and 
inhibin. Eaeh egg develops in its own bubblelike folliele 
(fig. 18.10a), which is lined by a wall of granulosa eells and 
surrounded by a capsule, the theea. The theea and granulosa eells 
eollaborate to produce estrogen. Midway through the monthly 
ovarian eyele, the folliele ovulates (releases the egg) and begins to 
seerete an abundance of progesterone. Estrogen and progesterone 
contribute to the development of the reproductive system and 
feminine physique, regulate the menstmal eyele, sustain pregnaney, 
and prepare the mammary glands for laetation. Inhibin, which is also 
seereted by the folliele, is a signal from the ovaries to the anterior 
pituitary. It inhibits the seeretion of follicle-stimulating hormone 
(FSH). The effeets of these hormones are further eonsidered in 
ehapter 26. 







































© Ed Resehke/Getty Images © Ed Resehke/Getty Images 


510 


part three Integration and Control 



Granulosa eells 
(source of 
estrogen) 


Egg eell 
(ooeyte) 


Theea 



Blood vessels 


Seminiferous 

tubule 


Germ eells 


Connective tissue 
wall of tubule 


Sustentacular 

eells 


Interstitial eells 
(source of 
testosterone) 


b 


Figure 18.10 The Gonads. (a) Histology 

of an ovarian folliele; eompare the SEM photo 
on page 497. (b) Histology of the testis. The 
granulosa eells of the ovary and interstitial 

eells of the testis are endoerine eells. APIR 


The testes seerete testosterone, lesser amounts of weaker andro- 
gens and estrogens, and inhibin. They eonsist mainly of minute 
tubules that produce sperm. The wall of the tubule is formed partly 
by sustentacular (Sertoli 20 ) eells, the source of inhibin. By limiting 
FSH seeretion, inhibin regulates the rate of sperm production. 
Nestled between the tubules are clusters of interstitial eells (eells of 
Leydig 21 ) (fig. 18.10b), the source of testosterone and the other sex 
steroids. Testosterone stimulates development of the male reproduc- 
tive system in the fetus and adoleseent, the development of the mas- 
culine physique in adoleseenee, and the sex drive. It sustains sperm 
production and the sexual instinet throughout adult life. 


Endoerine Cells in Other Tissues 
and Organs 

Several other tissues and organs beyond the elassieal endoerine 
glands have hormone-seereting eells: 

• The skin. Keratinoeytes of the epidermis produce eholeealeif- 
erol, the first step in the synthesis of ealeitriol (vitamin D 3 ), 
a calcium-regulating hormone. The liver and kidneys 
eomplete the proeess. 

• The liver. The liver is involved in the production of at least 
five hormones: (1) It eonverts eholeealeiferol to ealeidiol, the 
seeond step in ealeitriol synthesis. (2) It seeretes a protein ealled 
angiotensinogen, which is eonverted by the kidneys, lungs, 
and other organs into a hormone ealled angiotensin II, which 
raises blood pressure. (3) It seeretes erythropoietin (EPO) 
(eh-RITH-ro-POY-eh-tin), a hormone that stimulates red blood 
eell (erythroeyte) production. (4) It seeretes hepeidin, which 
regulates iron homeostasis. (5) It seeretes insulin-like growth 
faetor I (IGF-I), which mediates the aetion of growth hormone. 

• The kidneys. The kidneys seerete most (85%) of the body’s 
erythropoietin, and earry out the third and final step in ealeitriol 
synthesis and the seeond step in angiotensin II synthesis. 

• The heart. The heart seeretes natriuretic 22 peptides, 
hormones that enhanee sodium excretion in the urine and 
reduce blood pressure. 

• The stomaeh and small intestine. These organs have various 
enteroendoerine eells, 23 which seerete at least 10 enterie 
hormones. These regulate feeding and digestion. They include 
gastrin, which stiimilates aeid seeretion by the stomaeh; 
eholeeystokinin (COAL-eh-SIS-toe-KY-nin), which stimu- 
lates the seeretion of bile; ghrelin (GREL-in), which produces a 
sensation of hunger; and peptide YY, which ereates a feeling of 
satiety (satisfaetion of the appetite) and tends to terminate eating. 

• Adipose tissue. Fat eells seerete leptin, which has long-term 
appetite-regulating effeets on the brain and plays a role in the 
onset of puberty. 

• Osseous tissue (bone). Osteoblasts seerete osteoealein, 
which enhanees the seeretion and aetion of insulin and 
inhibits fat deposition (weight gain). 


20 Enrico Sertoli (1824-1910), Italian histologist 
21 Franz von Leydig (1821-1908), German histologist 
22 notri = sodium; uretic = pertaining to urine 
23 entero = intestine 
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• The plaeenta. This organ performs many functions in 
pregnaney, including fetal nutrition and waste removal. But 
it also seeretes estrogen, progesterone, and other hormones 
that regulate pregnaney and stimulate development of the 
fetus and the mother’s mammary glands. 


Apply What You Know 

Often, two hormones have opposite (ontogonistie) effeets 
on the same target organs. For example, oxytocin stimulates 
labor eontraetions, and progesterone inhibits premature labor. 
Name some other examples of antagonistie effeets among the 
hormones in this ehapter. 


You ean see that the endoerine system is extensive. It includes 
numerous diserete glands as well as individual eells in the tissues 
of other organs. The endoerine organs and tissues other than the 
hypothalamus and pituitary are reviewed in table 18.3. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

9. Name two endoerine glands that are larger in ehildren than 
in adults. What are their functions? 

10. What hormone inereases the body’s heat production in eold 

weather? What other functions does this hormone have? 

11. Name the main hormone seereted by eaeh layer of the 
adrenal cortex and one seereted by the adrenal medulla, 
and state the function of eaeh. 

12. What is the differenee between a gonadal hormone and a 

gonadotropin? 

13. What hormones are most important in regulating blood 

glucose eoneentration? What eells produce them? Where 
are these eells found? 

14. Name one hormone produced by eaeh of the following 

organs—the heart, liver, and plaeenta—and statethefunction 
of eaeh hormone. 



TABLE 18.3 

Hormones from Sources Other Than the Hypothalamus and Pítuitary 

Source 

Hormone 

Target Organs 
and Tissues 

Prineipal Effeets 

Pineal gland 

Melatonin 

Brain 

lnfluences mood; may regulate the timing of puberty 

Thymus 

Thymopoietin, thymosin, 
thymulin 

T lymphoeytes 

Stimulate T lymphoeyte development and aetivity 

Thyroid gland 

Thyroxine (T 4 ) and 
triiodothyronine (T 3 ) 

Most tissues 

Elevate metabolie rate and heat production; promote alertness, 
quicker reflexes, enhaneed absorption of dietary earbohydrates, 
protein synthesis, fetal and ehildhood growth, and CNS development 


Calcitonin 

Bone 

Promotes net deposition of bone by inhibiting osteoelasts; 
reduces blood Ca 2+ level 

Parathyroid glands 

Parathyroid hormone (PTH) 

Bone, kidneys, 
small intestine 

inereases blood Ca 2+ level by stimulating bone resorption, 
ealeitriol synthesis, and intestinal Ca 2+ absorption, and reducing 
urinary Ca 2+ excretion 

Adrenal medulla 

Epinephrine, 

norepinephrine, dopamine 

Most tissues 

Adaptive responses to arousal and stress 

Adrenal cortex 

Aldosterone 

Kidney 

Promotes Na + retention and K + excretion; maintains blood 
pressure and volume 


Cortisol and eortieosterone 

Most tissues 

Stimulate fat and protein eatabolism, gluconeogenesis, stress 
resistanee, and tissue repair 


Androgens 

Bone, muscle, integument, 
many other tissues 

Growth of pubic and axillary hair, bone growth, sex drive, male 
prenatal development 

Panereatie islets 

Glucagon 

Primarily liver 

Stimulates glucose synthesis, glyeogen and fat breakdown, 
release of glucose and fatty aeids into circulation 


lnsulin 

Most tissues 

Stimulates glucose and amino aeid uptake; lowers blood glucose 
level; promotes glyeogen, fat, and protein synthesis 


Somatostatin 

Stomaeh, small intestine, 
panereatie islets 

Inhibits digestion and nutrient absorption; inhibits glucagon and 
insulin seeretion 


Amylin 

Stomaeh, gallbladder 

Enhanees aetion of insulin; helps regulate gastrie emptying and 
bile seeretion 




(continued) 
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TABLE 18.3 1 

Hormones from Sources Other Than the Hypothalamus and Pituitary (continued) 

Soiiree 

Hormone 

Target Organs 
and Tissues 

Prineipal Effeets 

Ovaries 

Estrogen 

Many tissues 

Stimulates female reproductive development and adoleseent 
growth; regulates menstmal eyele and pregnaney; prepares 
mammary glands for laetation 


Progesterone 

Uterus, mammary glands 

Regulates menstmal eyele and pregnaney; prepares mammary 
glands for laetation 


Inhibin 

Anterior pituitary 

Inhibits FSH seeretion 

Testes 

Testosterone 

Many tissues 

Stimulates reproductive development, musculoskeletal growth, 
sperm production, and sex drive 


Inhibin 

Anterior pituitary 

Inhibits FSH seeretion 

Skin 

Oholeealeiferol 

— 

Precursor of ealeitriol (see kidneys) 

Liver 

Oaleidiol 

— 

Precursor of ealeitriol (see kidneys) 


Angiotensinogen 

— 

Precursor of angiotensin II (see kidneys) 


Erythropoietin 

Red bone marrow 

Promotes red blood eell production 


Hepeidin 

Small intestine 

Promotes iron absorption 


lnsulin-like growth faetor 1 

Many tissues 

Mediates aetion of growth hormone 

Kidneys 

Erythropoietin 

Red bone marrow 

Promotes red blood eell production 


Calcitriol 

Small intestine 

inereases blood calcium level mainly by promoting intestinal 
absorption of dietary calcium 


Angiotensinogen 1 

— 

Precursor of angiotensin II, a vasoeonstrietor 

Heart 

Natriuretic peptides 

Kidney 

Lower blood volume and pressure by promoting Na + and water loss 

Stomaeh and 

Gastrin 

Stomaeh 

Aeid seeretion 

small intestine 

Cholecystokinin 

Gallbladder; brain 

Bile release; appetite suppression 


Ghrelin 

Brain 

Sensation of hunger; initiation offeeding 


Peptide YY 

Brain 

Sense of satiety; termination of feeding 


Other enterie hormones 

Stomaeh, intestines 

Coordination of seeretion and motility in different regions of 
digestive traet 

Adipose tissue 

Leptin 

Brain 

Long-term appetite regulation 

Osseous tissue 

Osteoealein 

Panerease, adipose tissue 

inereased insulin seeretion; enhaneed insulin sensitivity of target 
organs; reduced fat deposition 

Plaeenta 

Estrogen, progesterone, 

Many tissues of mother 

Stimulation of fetal development and maternal bodily adaptations 


and others 

and fetus 

to pregnaney; preparation for laetation 



Developmental and 
eiínìeal Perspeetìves 


Expected Learníng Outcomes 

When you have eompleted this seetion, you should be able to 

a. deseribe the embryonie development of eaeh major 
endoerine gland; 

b. identify which endoerine glands or hormone levels 
ehange the most in old age, and state some of the 
consequences of these ehanges; and 

e. deseribe a few eommon disorders of the endoerine 
system, espeeially diabetes mellitus. 


Prenatal Development 
of the Endoerine Glands 

The endoerine glands, like other glands, develop mainly from 
embryonie epithelia, but lose their eonneetion to the epithelial 
surface as they mature—henee the absenee of ducts (see fig. 3.28, 
p. 75). All three embryonie germ layers—eetoderm, mesoderm, 
and endoderm—contribute to the endoerine system. 

The pituitary has a dual origin (fig. 18.1 la-e). The adeno- 
hypophysis begins with a poeket ealled the hypophyseal pouch that 
grows upward from the eetoderm of the pharynx. The pouch breaks 
away from the eetodermal surface and forms a hollow sae that 
continues to migrate upward. Meanwhile, growing down toward 
it, the neurohypophysis arises as an extension of the hypothalamus 
ealled the neurohypophyseal bud. The bud retains its eonneetion 
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(b) 8 weeks 


(d) 5 weeks 
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Figure 18.11 Embryonie Development of the Pituitary and Thyroid Glands. (a) Sagittal seetion of a 4-week embryo showing the early 
buds (future glands) of the anterior pituitary, posterior pituitary, and thyroid glands. (b) At 8 weeks, the hypophyseal pouch separates from 
the pharynx. (e) At 16 weeks, the structure of the pituitary is essentially eomplete. (d) At 5 weeks, the thyroid gland deseends through the 
neek, and its eonneetion to the tongue breaks down. (e) By 7 weeks, the thyroid has reaehed its final loeation on the traehea inferior to 
the larynx. 


to the brain throughout life as the pituitary stalk. The pouch and 
bud eome to lie side by side and to be enelosed in the sella turcica 
of the sphenoid bone. They beeome so elosely joined to eaeh other 
that they look like a single gland. 

The other endoerine gland assoeiated with the brain, the pineal 
gland, develops from ependymal eells lining the third ventriele. 


A traee of the third ventriele persists as a eanal in the stalk of the 
pineal gland. 

The thyroid gland begins with an endodermal pouch (thyroid 
diverticulum) growing from the floor of the pharynx slightly 
posterior to the hypophyseal pouch. It migrates posteriorly to its 
position slightly inferior to the future larynx (fig. 18.1 la, d, e). 
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In and near the neek, the thymus, parathyroid glands, and 
thyroid C eells arise from the pharyngeal pouches deseribed in 
ehapter 4 (p. 92). Cell masses break away from the third and fourth 
pouches and then split into posterior and anterior eell groups. The 
posterior groups form the parathyroid glands, which normally join 
the migrating thyroid and adhere to its posterior side. The anterior 
groups migrate medially and merge with eaeh other to beeome the 
thymus. Cells from the fifth pharyngeal pouch beeome the thyroid 
C eells; they mingle with the rest of the thyroid tissue as the future 
thyroid gland migrates toward the larynx (see fig. 4.7, p. 93). 

The adrenal gland, like the pituitary, has a dual origin (fig. 18.12). 
Reeall from ehapter 13 (p. 366) that eetodermal neural erest eells 
break away from the neural tube and give rise to sympathetie 
neurons and other eells. Some of the neural erest eells beeome the 
adrenal medulla. These neural erest masses, in turn, stimulate eell 
multiplication in the overlying mesothelium, the serous lining of the 
embryonie peritoneal eavity. The mesothelium thiekens and grows 
around the medulla, eventually eompletely enelosing it and beeoming 
the adrenal cortex. The adrenal gland is not fully developed until the 
age of 3 years. 


The Aging Endoerine System 

Endoerine glands vary widely in functionality over the life span. 
As we have seen in this ehapter, the adrenal gland shrinks to half 
its size even in the first 2 months after birth. The pineal gland and 
thymus undergo pronounced involution after puberty. In old age, 
they are but shriveled vestiges of the ehildhood glands, with most 
of their seeretory tissue replaeed by fat or fiber. 

Impaired glucose metabolism is eommon among the elderly 
and stems from causes as diverse as poor diet, laek of exercise, the 
presenee of more fat and less muscle, reduced insulin seeretion, 
and blunted effeetiveness of insulin. Muscle ordinarily absorbs a 
large pereentage of the blood glucose after a meal and is therefore 
a major means of stabilizing glyeemia (blood sugar level). But 
when the aging individual loses muscle mass, glyeemia remains 
elevated after a meal longer than it would in one with more muscle, 
and the risk of diabetes mellitus rises even if insulin seeretion 
is normal. 

Ovarian function drops precipitously at menopause, around 
50 to 55 years of age, when the follieles are depleted and eease 
to seerete estrogen. The remaining estrogen eomes mainly from 
the enzymatie eonversion of androgens seereted by the adrenal 
glands, and its level is very low and noneyelie in eontrast to the 
premenopausal state. This raises the risk of cardiovascular disease, 
bone loss (osteoporosis), and dementia in postmenopausal women. 
Androgen levels—both testosterone and adrenal DHEA—fall 
more gradually in men. The circulating testosterone eoneentration 
in an 80-year-old man is about 20% of that seen in a 20-year-old. 
Age-related ehanges in reproductive function are discussed further 
in ehapter 26. 

In a number of eases, the waning of endoerine function with 
age results not from deelining hormone seeretion but from dimin- 
ished effeetiveness of the hormone that exists. This is the ease in 
type 2 diabetes mellitus, which results from a defieieney or dys- 
function of insulin reeeptors. Thyroid function deelines in old age 


(a) 4 weeks 
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Figure 18.12 Embryonie Development of the Adrenal Gland. 

(a) A 4-week embryo with the plane of seetion seen in part (b). (b) The 
future adrenal medulla begins as a mass of eells that separate from 
the neural erest. (e) Growth of the adrenal medulla and bulging of the 
mesothelium into the body eavity (eoelom). (d) The mesothelium thiekens 
and eneloses the adrenal medulla, giving rise to the adrenal cortex. 


not because the gland seeretes signifieantly less thyroxine (T 4 ), but 
because the target organs beeome less effieient in eonverting it to 
T 3 , the more aetive form. The stress response also is more poorly 
eontrolled in the elderly. Normally, the anterior pituitary seeretes 
ACTH; this stimulates the adrenal cortex to seerete eortisol; and 
eortisol induces the pituitary to lower the ACTH output. But in the 
elderly, the pituitary is less responsive to eortisol, so the ACTH 
level remains elevated, and the stress response lasts longer than it 
would in one’s younger years. 
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Endoerine Disorders 

Most disorders of the endoerine system revolve around three causes: 

1. A hormone defieieney, or hyposeeretion, exemplified by the 
insulin defieieney in type 1 diabetes mellitus. 

2. A hormone excess, or hyperseeretion, exemplified by pituitary 
gigantism, in which people grow to extraordinary heights 
because of excessive growth hormone seeretion in ehildhood. 

3. A hormone insensitivity, in which the hormone is present but 
a reeeptor defeet causes the body to be unresponsive to it, as in 
the insulin resistanee that eharaeterizes type 2 diabetes mellitus. 

These disorders are primarily physiologieal and therefore beyond the 
seope of this book, but hypo- and hyperseeretion are sometimes caused 
by or assoeiated with anatomieal abnormalities worthy of mention here. 
Often, these abnormalities result from endoerine tumors or trauma. 

Oonsider the pituitary gland, for example, snugly nestled in the 
sella turcica of the sphenoid bone and seemingly well proteeted. 
But surprisingly, the sphenoid is the most eommonly fractured of 
all skull bones, with potentially grave consequences for pituitary 
function. A sphenoid fracture ean sever the pituitary stalk, including 
the portal system, the hypothalamo-hypophyseal traet, or both. Such 
injuries cut off communication between the brain and the pituitary, 
thereby dismpting pituitary functions that depend on neural or 
hormonal signals from the hypothalamus. Anterior lobe effeets ean 
include loss of sexual functions (menstmal irregularity, sterility, and 
impotenee due to loss of gonadotropins), and inadequate thyroid and 
adrenal gland function due to hyposeeretion of thyroid-stimulating 
hormone and ACTH. Growth hormone seeretion also deelines 
markedly, although this has no elinieal effeet on adults. Severanee 
of the hypothalamo-hypophyseal traet adversely affeets seeretion of 
the posterior lobe hormones oxytocin and antidiuretic hormone (see 
Testing Your Comprehension question 1 at the end of the ehapter). 
Surgical aeeidents are another source of endoerine trauma with 
sometimes serious consequences (see Deeper Insight 18.2). 

Tumors are another form of anatomieal disorder with endo- 
erine consequences. Pineal tumors are a ease in point. They occur 
most often in ehildhood and sometimes cause premature sexual 
development, ealled preeoeial puberty, espeeially in boys. This 
lends some evidenee to the theory that the pineal gland may play 
a role in the timing of puberty. However, preeoeial puberty occurs 
only when the tumor also affeets the nearby hypothalamus, so it is 
difficult to say whether the effeet is due speeifieally to the pineal 
damage. Other effeets of pineal tumors stem from the anatomieal 
relationship of this gland to nearby brain structures (see Testing 
Your Comprehension question 2 at the end of this ehapter). 

A more eommon endoerine tumor is pheoehromoeytoma 
(FEE-oh-CRO-mo-sy-TOE-ma), a tumor of the adrenal medulla 
that causes hyperseeretion of epinephrine and norepinephrine. The 
hormone excess causes nervousness, indigestion, sweating, taehy- 
eardia, hypertension, and an elevated metabolie rate. Patients often 
feel a sense of panie or impending doom. Most pheoehromoeytomas 
are benign (noncancerous), yet the hypertension is life-threatening 
and the tumor usually ealls for surgical removal. 

A more conspicuous, often striking anatomieal abnormality of an 
endoerine gland is endemie goiter. This is a disorder of the thyroid 


gland that results from a defieieney of dietary iodine. Normally, 
as the gland produces thyroid hormone (TH), it sends a feedbaek 
signal to the hypothalamus and anterior pituitary. In response, they 
modulate their seeretion of thyrotropin-releasing hormone (TRH) 
and thyroid-stimulating hormone (TSH) and the thyroid, as a result, 
is not overstimulated. An iodine defieieney, however, reduces TH 
seeretion and the feedbaek effeet. The pituitary seeretes a slightly 
but eonstantly elevated level of TSH, leading to hypertrophy of 
the thyroid gland. The overgrown thyroid is often visible in the 
neek as a goiter (fig. 18.13). Endemie goiter has beeome almost 
nonexistent in developed countries because of the addition of iodine 
to table salt, animal feeds, and fertilizers. It occurs most often in 
loealities that have neither these benefits nor aeeess to iodine-rieh 
seafood—notably, eentral Afriea and mountainous regions of South 
Ameriea, eentral Asia, and Indonesia. The word endemie refers to 
the occurrence of a disease in a defined geographie loeality. 

Some other endoerine disorders are deseribed in table 18.4. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

15. With respeet to embryonie development, what does the 

pituitary gland have in eommon with the thyroid gland? 
What does it have in eommon with the adrenal gland? 
Explain eaeh eomparison. 

16. In some eases, endoerine function ean deeline in old age 

even ifthere is little ehange in the level of hormone seeretion. 
Explain why, and support your explanation with examples. 

17. Suppose an auto aeeident had fractured a pregnant woman’s 
sphenoid bone and severed the pituitary stalk. Assuming 
that she nevertheless earried the pregnaney to full term, 
how might this aeeident affeet her labor eontraetions? How 
might it affeet her ability to breast-feed? Explain both effeets. 

18. What physieal appearanee might lead you to suspect that 

a person had a defieieney of iodine in the diet? Why would 
you find it more surprising to see this in a native of Tennes- 
see than in a native of Tibet? 




Figure 18.13 A Severe Case of Endemie Goiter. 
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TABLE 18.4 


Addison disease 


Adrenogenital 

syndrome 


Congenital 

hypothyroidism 

Cushing syndrome 


Myxedema 


Pituitary dwarfism 


Disorders of the Endoerine System 


Hyposeeretion of adrenal glucocorticoids or mineraloeortieoids, causing hypoglyeemia, hypotension, weight loss, 
weakness, loss of stress resistanee, darkening ofthe skin, and potentially fatal dehydration and eleetrolyte imbalanees 

Hyperseeretion of adrenal androgens. Prenatal hyperseeretion ean cause girls to be born with masculinized genitalia 
and to be misidentified as boys. In ehildren, it often causes enlargement of the penis or elitoris and premature puberty. In 
women, it causes masculinizing effeets such as inereased body hair, beard growth, and deepening of the voiee. 

Thyroid hyposeeretion present from birth, resulting in stunted physieal development, thiekened faeial features, low body 
temperature, lethargy, and irreversible brain damage in infaney 

Cortisol hyperseeretion resulting from overaetivity ofthe adrenal cortex. Results in dismption of earbohydrate and protein 
metabolism, hyperglyeemia, edema, loss of bone and muscle mass, and sometimes abnormal fat deposition in the faee or 
between the shoulders. 

A result of severe or prolonged adult hypothyroidism, eharaeterized by low metabolie rate, sluggishness and sleepiness, 
weight gain, eonstipation, hypertension, dry skin and hair, abnormal sensitivity to eold, and tissue swelling 

Abnormally short stature, with a normal proportion of limbs to trunk, resulting from growth hormone hyposeeretion in ehildhood 


Disorders Deseribed Elsewhere 

Aeromegaly 148 

Empty sella syndrome 500 

Endemie goiter 515 


Hypoparathyroidism 506 
Pheoehromoeytoma 515 


Pineal tumors 515 
Pituitary trauma 515 



Assess Your Learning Outcomes 


To test your knowledge, discuss thefollowing 
topies with a study partner or in writing, 
ideally from memory. 

18.1 Overview of the Endoerine System 
(p. 498) 

1. The definitions of hormone and endoerine 
system 

2. The unusual nature of the blood eapillaries 
typieal of endoerine glands, and the func- 
tional signifieanee of this eapillary type 

3. How hormones travel about the body 

4. The terms for the eells and organs that 
respond to them and the reason that other 
eells and organs are unresponsive to a 
given hormone even if exposed to it 

5. The eharaeteristies of an endoerine gland 
and how it eontrasts with an exocrine gland 

6. Examples of glands with dual endoerine 
and exocrine functions, and of seeretory 
eells that defy elassifieation by any simple 
endocrine-exocrine eriteria 

7. Functional differenees and similarities 
between the endoerine and nervous systems 


18.2 The Hypothalamiis and Pituitary 
Gland (p. 500) 

1. The loeation and anatomy of the pituitary 
gland and its relationship with the hypo- 
thalamus and sphenoid bone 

2. The loeation of the adenohypophysis; its 
three parts in the human fetus; and which 
part is no longer present in adults 

3. The three types of eells in the adenohy- 
pophysis and the differenees between 
them 

4. The anatomy of the hypophyseal portal sys- 
tem and its role in communication between 
the hypothalamus and adenohypophysis 

5. The loeation of the neurohypophysis; its 
three parts; and the structure and func- 
tion of the hypothalamo-hypophyseal 
traet 

6. The six hypothalamie hormones that regu- 
late the anterior pituitary, and the function 
of eaeh one 

7. The two hormones that are synthesized in 
the hypothalarmis and stored in the poste- 
rior pituitary until release 


8. The target organs or tissues and the func- 
tions of the anterior pituitary hormones: 
follicle-stimulating hormone, luteinizing 
hormone, thyroid-stimulating hormone, 
adrenoeortieotropie hormone, prolaetin, 
growth hormone, and insulin-like growth 
faetors 

9. The sites of synthesis, the target organs, 
and the functions of the posterior pitu- 
itary hormones: oxytocin and antidiuretic 
hormone 

18.3 Other Endoerine Glands (p. 504) 

1. The loeation and anatomy of the pineal 
gland, its ehanges through the life span, 
and the functions of melatonin 

2. The loeation and anatomy of the thyrmis, 
its ehanges through the life span, its role in 
imrmmity, and the hormones that serve this 
role 

3. The loeation, anatomy, and histology of 
the thyroid gland; its blood supply; its 
three hormones and which thyroid eells 
seerete them; and the functions of these 
hormones 
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4. The loeation and anatomy of the parathy- 
roid glands; their hormone; and the func- 
tion of that hormone 

5. The loeation and anatomy of the adrenal 
glands, and their blood supply 

6. The relationship of the adrenal medulla to 
the sympathetie nervous system; the hor- 
mones of the medulla; and the effeets of 
those hormones 

7. The three layers of the adrenal cortex; their 
histologieal differenees; the hormones 
seereted by eaeh layer; and the effeets of 
those hormones 


8. The loeation and structure of the panere- 
atie islets; the three primary types of islet 
eells; the hormone seereted by eaeh eell 
type; and the functions of those hormones 

9. Loeations and names of the endoerine eells 
in the ovary and testis; their hormones; and 
the functions of those hormones 

10. The roles of the skin, liver, kidneys, heart, 
stomaeh, small intestine, adipose tissue, 
bone, and plaeenta in synthesizing and 
seereting hormones, or earrying out a step 
in hormone synthesis; and the names and 
hmetions of these hormones 


18.4 Developmental and Clinical 
Perspeetives (p. 512) 

1. Changes in insulin seeretion and aetion 
with age 

2. Changes in sex hormone seeretion with 
age, and the bodily effeets espeeially of the 
eessation of ovarian function at menopause 

3. Some consequences of reduced hormone 
effeetiveness in old age 

4. A cause, and the effeets, of trauma to the 
pituitary gland 

5. The effeets of tumors of the pineal gland 
and adrenal medulla 

6. The cause and effeets of endemie goiter 


Testing Your Reeall 


1. Which of the following hormones is not 
synthesized by the brain? 

a. thyrotropin-releasing hormone 

b. antidiuretic hormone 

e. prolaetin-releasing hormone 

d. follicle-stimulating hormone 

e. oxytocin 

2. Which of the following hormones has the 
least in eommon with the others? 

a. adrenoeortieotropie hormone 

b. follicle-stimulating hormone 
e. thyrotropin 

d. thyroxine 

e. prolaetin 

3. Which hormone would no longer be 
seereted if the hypothalamo-hypophyseal 
traet was destroyed? 

a. oxytocin 

b. follicle-stimulating hormone 
e. growth hormone 

d. adrenoeortieotropie hormone 

e. eortieosterone 

4. Which of the following is not a hormone? 

a. prolaetin 

b. thymosin 
e. iodine 

d. natriuretic peptide 

e. insulin-like growth faetor 

5. The_has/have no other function but 

hormone production, whereas the rest of 
these produce other seeretions in addition 
to hormones. 

a. liver 

b. gonads 

e. salivary glands 

d. parathyroid glands 

e. panereas 


6. Which of these glands develops from the 
pharyngeal pouches? 

a. the anterior pituitary 

b. the posterior pituitary 
e. the thyroid gland 

d. the thymus 

e. the adrenal gland 

7. Which of these glands has more exocrine 
than endoerine tissue? 

a. the panereas 

b. the adenohypophysis 
e. the thyroid gland 

d. the pineal gland 

e. the adrenal gland 

8. _ leads to inereased osteoelast 

aetivity and elevates the blood calcium 
eoneentration. 

a. Parathyroid hormone 

b. Calcitonin 
e. Calcitriol 

d. Aldosterone 

e. ACTH 

9. Which of these endoerine glands is most 
direetly involved in immune function? 

a. the panereas 

b. the thyrmis 

e. the adenohypophysis 

d. the adrenal glands 

e. the thyroid gland 

10. Both the_are involved in the synthe- 

sis of ealeitriol and erythropoietin. 

a. anterior and posterior pituitary 

b. thyroid gland and thymus 
e. liver and kidneys 

d. parathyroids and panereatie islets 

e. epidermis and liver 


11. The_develops from the hypophyseal 

pouch of the embryo. 

12. Antidmretie hormone is produced by a 

group of neurons in the hypothalarmis 
ealled the_. 

13. Adipoeytes seerete the hormone _, 

which signals the brain and helps to regu- 
late the appetite. 

14. The heart seeretes two hormones ealled 

_that inerease the urinary output of 

sodium and water. 

15. Adrenal steroids that regulate glucose 

metabolism are eolleetively ealled_. 

16. The hypophyseal portal system is a means 
for the brain to eomrmmieate with the 


17. _eells are hormone-seereting neurons 

or eells derived from neurons. 

18. In males, testosterone is seereted mainly 

by the_eells. 

19. Cortisol is seereted by a layer of the adre- 

nal cortex ealled the_in response to 

the pituitary hormone_. 

20. The hormones seereted by the stomaeh 
and small intestine are eolleetively ealled 


Answers in appendix A 
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Biiilding Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 

3. pro- 

8. ealori- 


following word elements, and give a term in 

4. troph- 

9. laet- 


which it is used. 

5. eorpo- 

10. -phob 


1. erin- 

6. thyro- 

7. natri- 


Answers in appendix A 


2. oxy- 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. Tumors ean lead to either hormone hyper- 
seeretion or hyposeeretion. 

2. All hormones are seereted by endoerine 
glands. 

3. If fatty plaques of atheroselerosis bloeked 
the arteries of the hypophyseal portal sys- 
tem, it could cause the ovaries and testes to 
malfunction. 


Testing Your Comprehension 

1. A young man is involved in a motoreyele 
aeeident that fractures his sphenoid bone 
and severs the pituitary stalk. Shortly 
thereafter, he begins to excrete enormous 
amounts of urine, up to 30 liters per day, 
and suffers intense thirst. Explain how his 
head injury could have resulted in these 
effeets. 

2. Examine the anatomieal relationship 
between the pineal gland and nearby brain 
structures, and as neeessary, review the 
functions of those brain structures in 
ehapter 15. In light of this information, 


4. The pineal gland and thymus beeome 
larger as one ages. 

5. The tissue at the eenter of the adrenal 
gland is ealled the zona reticularis. 

6. Unlike neurotransmitters, hormones ean- 
not be seleetively delivered to just one par- 
ticular target organ. 

7. The adenohypophysis and thyroid gland 
are more similar to eaeh other in their 
embryonie origin than are the adenohy- 
pophysis and neurohypophysis. 


explain why a large pineal tumor might 
result in (a) hydrocephalus and (b) paraly- 
sis of some eye movements. 

3. Renal failure puts a person at risk of ane- 
mia and hypoealeemia. To prevent this, 
renal dialysis patients are routinely given 
hormone replaeement therapy. Explain the 
hormonal eonneetion between renal failure 
and eaeh of these eonditions, and identify 
what hormones would be administered to 
eorreet or prevent them. 

4. Hormones of the adrenal cortex are ste- 
roids, whereas insulin is a protein. In view 


8. Oxytocin and antidiuretic hormone are 
seereted through a duct ealled the pituitary 
stalk or infundibulum. 

9. Of the endoerine glands eovered in this 
ehapter, only the adrenal glands are paired. 
The rest are single. 

10. Enlargement of the thyroid gland would 
produce a swelling in the neek. 

Answers in appendix A 


of this, what major differenee would you 
expect to see in the organelles of an adre- 
nal spongioeyte and a panereatie beta eell 
if you eompared them with an eleetron 
mieroseope? 

5. Seleetive destmetion or removal of the 
adrenal cortex is fatal, but destmetion or 
removal of the adrenal medulla produces 
no elear adverse effeet. Explain why these 
two parts of the adrenal gland would differ 
so much in their neeessity to life. 
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part four Maintenanee 


B lood has alvvays had a speeial mystique. Sinee aneient 

times, people have seen blood flovv from the body and 
vvith it, the life of the individual. It is no vvonder that blood 
vvas seen as a source of a mysterious “vital foree.” Even today, 
vve beeome espeeially alarmed vvhen vve find ourselves bleed- 
ing, and the emotional impaet of blood is enough to make many 
people faint at the sight of it. From aneient Egypt to nineteenth- 
century Ameriea, physieians drained “bad blood” from their 
patients to treat everything from gout to headaehes, from men- 
strual eramps to mental illness. Indeed, bloodletting vvas a likely 
faetor in the death of George Washington, vvho had a proba- 
ble streptococcus infeetion and insisted that his doetors bleed 
him. It vvas long thought that hereditary and even moral traits 
vvere transmitted through the blood, and people still use such 
unfounded or metaphorieal expressions as “I have one-quarter 
Cherokee blood.” 

Even though it is an espeeially aeeessible tissue, little vvas 
knovvn about the speeifie functions of blood before the mid- 
tvventieth century. But over the past several deeades, teehnology 
has ushered in a nevv era for hematology, 1 the study of blood. 
Diseases such as eaneer and AIDS have given added impetus 
to hematology researeh, and reeent diseoveries have saved and 
improved the lives of countless people vvho othervvise would 
have suffered and died. 



lntroduction 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the functions and major eomponents of the 
circulatory system; 

b. deseribe the eomponents and physieal properties of 
blood; and 

e. deseribe the eomposition of blood plasma. 


Functions of the Circulatory System 

The circulatory system eonsists of the heart, blood vessels, and 
blood. The term cardiovascular system 2 refers only to the heart 
and blood vessels, which are the subject of ehapters 20 and 21. 

The fundamental purpose of the circulatory system is to trans- 
port substances from plaee to plaee in the blood. Blood is the liq- 
uid medium in which these materials travel; blood vessels ensure 
the proper routing of blood to its destinations; and the heart is the 
pump that keeps the blood flowing. 

More speeifieally, the functions of the circulatory system are 
as follows: 


Transport 


The blood earries oxygen from the hmgs to all of the body’s 
tissues, while it pieks up earbon dioxide from those tissues 
and earries it to the lungs to be removed from the body. 

It pieks up nutrients from the digestive traet and delivers them 
to all of the body’s tissues. 

It earries metabolie wastes to the kidneys for removal. 

It earries hormones from endoerine eells to their target organs. 
It transports a variety of stem eells from the bone marrow and 
other origins to the tissues where they lodge and mature. 


Proteetion 


• The blood plays several roles in inflammation, a meehanism 
for limiting the spread of infeetion. 

• White blood eells destroy mieroorganisms and eaneer eells. 

• Antibodies and other blood proteins neutralize toxins and help 
to destroy pathogens (disease agents). 

• Platelets seerete faetors that initiate blood elotting and other 
proeesses for minimizing blood loss. 

Regulation 


Blood helps maintain optimal fluid balanee and distribution 
in the body by absorbing or giving off fluid under different 
eonditions. 

Blood proteins stabilize the pH of extracellular fluids by buff- 
ering aeids and bases. 

Shifts in blood flow help to regulate body temperature by 
routing blood to the skin for heat loss or retaining blood 
deeper in the body for heat retention. 


Considering the importanee of effieiently transporting nutri- 
ents, wastes, hormones, and espeeially oxygen from plaee to plaee, 
it is easy to understand why an excessive loss of blood is quickly 
fatal, and why the circulatory system needs meehanisms for mini- 
mizing such losses. 


Components and General Properties 
of Blood 

Most adults have about 4 to 6 liters of blood. It is a liquid eonnee- 
tive tissue eomposed, like other eonneetive tissues, of eells and an 
extracellular matrix. The matrix is the blood plasma, a elear, light 
yellow fluid constituting a little over half of the blood volume. 
Suspended in the plasma are the formed elements —eells and eell 
fragments including the red blood eells, white blood eells, and 
platelets (fig. 19.1). The term formed element denotes that these 
are membrane-enelosed bodies with a definite visible structure. 
They ean’t all be ealled eells because the platelets, as explained 
later, are merely fragments of eertain bone marrow eells. The 
formed elements are elassified as follows: 

Erythroeytes 3 (red blood eells, RBCs) 

Platelets 


: hem, hemato = blood; logy = study of - 

2 cordio = heart; vos = vessel 3 erythro = red; eyfe = eell 
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Monoeyte 


Platelets 


Small- 

lymphoeyte 


Neutrophil 


Large- 

lymphoeyte 


Basophil 



Small 

lymphoeyte 

Neutrophil 


Eosinophil 

Erythroeyte 

Young (band) 
neutrophil 


Monoeyte 


Neutrophil 


Figure 19.1 The Formed Elements of Blood. 

• Whot do erythroeytes ond plotelets loek thot the other formed elements hove? 


Leukocytes 4 (white blood eells, WBCs) 

Granulocytes 

Neutrophils 

Eosinophils 

Basophils 

Agranulocytes 

Lymphoeytes 

Monoeytes 

Thus, there are seven kinds of formed elements: the erythroeytes, 
platelets, and five kinds of leukocytes. The five leukocytes are 
divided into two eategories, the grarmloeytes and agrarmloeytes, 
on grounds explained later. 

The ratio of formed elements to plasma ean be seen by taking 
a sample of blood in a tube and spinning it for a few minutes in 
a centrifuge (fig. 19.2). Erythroeytes, the densest elements, set- 
tle to the bottom of the tube and typieally constitute about 37% 
to 52% of the total volume of whole blood—a value ealled the 
hematoerit. Leukocytes and platelets settle into a narrow eream- or 
buff-colored layer ealled the bnffy coat]\\st above the erythroeytes; 
they total 1% or less of the blood volume. At the top of the tube is 
the plasma, usually constituting about 47% to 63% of the volume. 

Some general properties of blood are listed in table 19.1. Some 
of the terms in that table are defined later in this ehapter. 


4 leuko = white; eyfe = eell 




Withdraw 
blood 





( 


Centrifuge 


-Plasma 

(55% of whole blood) 




/ 



Buffy eoat: leukocytes 
and platelets 
(<1% of whole blood) 


Erythroeytes 
(45% of whole blood) 


-Formed 
elements 


Figure 19.2 Separating the Plasma and Formed Elements of 
Blood. A small sample of blood is taken in a glass tube and spun in a 
centrifuge to separate the eells from the plasma. Erythroeytes are the 
densest eomponents and settle to the bottom of the tube; platelets and 
WBCs are next; and plasma remains at the top of the tube. 
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TABLE 19.1 General Properties of Blood* 


Mean fraetion of body weight 
Volume in adult body 
Volume/body weight 
Mean temperature 
pH 

Viseosity (relative to water) 
Osmolarity 

Mean salinity (mainly NaCI) 

Hematoerit (paeked eell 
volume) 

Hemoglobin 

Mean RBC count 

Platelet count 
Total WBC count 


8 % 

Female: 4-5 L; male: 5-6 L 
80-85 mL/kg 
38°C (100.4°F) 

7.35-7.45 

Whole blood: 4.5-5.5; plasma: 2.0 

280-296 mOsm/L 

0.9% 

Female: 37%-48% 

Male: 45%-52% 

Female: 12-16 g/dL 
Male: 13-18 g/dL 

Female: 4.2-5.4 million/pL 
Male: 4.6-6.2 million/|jL 

130,000-360,000/pL 

5,000-10,000/pL 


Values vary slightly depending on the testing methods used. 


Blood Plasma 

Plasma is a complex mixture of water, proteins, nutrients, eleetro- 
lytes, nitrogenous wastes, hormones, and gases (table 19.2). When 
the blood elots and the solids are removed, the remaining fluid is 
the blood serum. Semm is essentially identieal to plasma except 
for the absenee of the elotting protein fibrinogen. 

Protein is the most abundant plasma solute by weight, 
totaling 6 to 9 grams per deeiliter (g/dL). Plasma proteins play a 
variety of roles including elotting, defense, and transport of other 
solutes such as iron, eopper, lipids, and hydrophobie hormones. 
There are three major eategories of plasma proteins: albumin, 


globulins, and fibrinogen (table 19.3). Many other plasma pro- 
teins are indispensable to survival, but they account for less than 
1 % of the total. 


Apply What You Know 

Based on your body weight, estimate the volume (in liters) and 
weight (in kilograms) of your own blood. 


Altmmin is the smallest and most abundant plasma protein. It 
transports various solutes and buffers the pH of the blood. It also 
makes a major contribution to two physieal properties of blood: 
its viseosity (thiekness, or resistanee to flow) and osmolarity (the 
eoneentration of partieles that eannot pass through the walls of the 
blood vessels). Through its effeets on these two variables, ehanges 
in albumin eoneentration ean signifieantly affeet blood vohime, 
pressure, and flow. Globulins are divided into three subclasses; 
from smallest to largest in molecular weight, they are the alpha (a), 
beta ((3), and gamma ( 7 ) globulins. Globulins play various roles 
in solute transport, elotting, and immunity. Fibrinogen is a solu- 
ble precursor of fibrin, a stieky protein that forms the framework 
of a blood elot. Some of the other plasma proteins are enzymes 
involved in the elotting proeess. 

The liver produces as much as 4 g of plasma protein per hour, 
contributing all of the major proteins except gamma globulins. The 
gamma globulins eome from plasma eells —eonneetive tissue eells 
that are deseended from white blood eells ealled B lymphoeytes. 


TABLE 19.3 

Major Proteins of the Blood Plasma 

Proteins 

Functions 

Albumin (60%)* 

Major contributor to blood viseosity and 


osmolarity; transports lipids, hormones, 
calcium, and other solutes; buffers blood pH 


Globulins (36%)* 

Alpha (a) globulins 


TABLE 19.2 Oomposition of Blood Plasma 


Water 92%byweight 


Proteins Albumin, globulins, fibrinogen, other elotting 

faetors, enzymes, and others (see table 19.3) 

Nutrients Glucose, amino aeids, laetie aeid, lipids 

(eholesterol, fatty aeids, lipoproteins, 
triglyeerides, and phospholipids), iron, traee 
elements, and vitamins 


Eleetrolytes Salts of sodium, potassium, magnesium, 

calcium, ehloride, biearbonate, phosphate, 
and sulfate 


Nitrogenous Urea, uric aeid, ereatinine, ereatine, bilirubin, 

wastes and ammonia 


Hormones All hormones transported in the blood 

Gases Oxygen, earbon dioxide, and nitrogen 


Haptoglobulin 

Ceruloplasmin 

Prothrombin 

Others 


Transports hemoglobin released by dead 
erythroeytes 

Transports eopper 

Promotes blood elotting 

Transport lipids, fat-soluble vitamins, and 
hormones 


Beta ((3) globulins 

Transferrin 

Complement 

proteins 

Others 

Gamma ( 7 ) globulins 

Fibrinogen (4%)* 


Transports iron 

Aid in destmetion of toxins and 
mieroorganisms 

Transport lipids 

Antibodies; eombat pathogens 

Beeomes fibrin, the major eomponent of 
blood elots 


Pereentage of the total plasma protein by weight. 
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Apply What You Know 

How could a disease such as liver eaneer or hepatitis result in 
impaired blood elotting? 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. List some transport, proteetive, and regulatory functions 
of the blood. 

2. What are the two prineipal eomponents of the blood? 
Outline the elassifieation of its formed elements. 

3. List the three major elasses of plasma proteins. Which one 
is missing from blood serum? 

4. What are the functions of blood albumin? 



Erythroeytes 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the morphology and functions of 
erythroeytes (RBCs); 

b. explain some elinieal measurements of RBC and 
hemoglobin quantities; 

e. deseribe the structure and function of hemoglobin; 

d. discuss the formation, life span, and death of RBCs; and 

e. explain the ehemieal and immunologic basis and the 
elinieal signifieanee of blood types. 


Erythroeytes, or red blood eells (RBCs), have two prineipal 
functions: (1) to piek up oxygen from the lungs and deliver it 
to tissues elsewhere, and (2) to piek up earbon dioxide from the 
tissues and unload it in the lungs. RBCs are the most abundant 
formed elements of the blood and therefore the most obvious 
things one sees upon its mieroseopie examination. They are also 
the most eritieal to survival; a severe defieieney of leukocytes or 
platelets ean be fatal within a few days, but a severe defieieney of 
erythroeytes ean be fatal within a few minutes. It is the laek of life- 
giving oxygen, earried by erythroeytes, that leads rapidly to death 
in eases of major trauma or hemorrhage. 


Form and Function 

An erythroeyte is a diseoid eell with a bieoneave shape—a thiek 
rim and a thin sunken eenter. It is about 7.5 p,m in diameter and 
2.0 p,m thiek at the rim (fig. 19.3). While most eells, including 
white blood eells, have an abundance of organelles, RBCs lose their 
nucleus and nearly all other organelles during their development 


Surface view 





Seetional view 




Capillary 

wall 

Erythroeytes 


Leukocyte 





Figure 19.3 The Structure of Erythroeytes. (a) Dimensions 

and shape of an erythroeyte. (b) Seanning eleetron mierograph. 
Note the eoneave shape of the eells. (e) Transmission eleetron 
mierograph of erythroeytes in a blood eapillary. Note how thin the 
eells are at the eenter, and their laek of organelles or other internal 
structure. 

Why do erythroeytes eave in at the eenter? APIR 


Thomas Deerniek, NCMIR/Science Source © Susumu Nishinaga/Getty Images 
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and are remarkably devoid of internal structure. With the trans- 
mission eleetron mieroseope, the interior of an RBC appears 
uniformly gray. Laeking mitoehondria, RBCs rely exclusively on 
anaerobie fermentation to produce ATR The laek of aerobie respi- 
ration prevents them from consuming the oxygen they must trans- 
port to other tissues. 

Laeking a nucleus and DNA, RBCs are ineapable of protein 
synthesis and mitosis. However, the laek of a nucleus has an over- 
riding advantage. When the developing RBC loses its nucleus, it 
eaves in at the eenter and acquires its bieoneave shape. The pri- 
mary benefit of this shape is that it enables the dense slurry of 
RBCs to flow through the large blood vessels with a smooth lami- 
narflow that minimizes turbulence, and it allows the RBC to bend 
and pass through the tiniest blood vessels. It has also been argued 
that this is simply the easiest, most stable shape for the eell and its 
eytoskeleton to relax into when the nucleus is removed, and it may 
have no physiologieal function at all. 

The plasma membrane of a mature RBC has glyeolipids on the 
outer surface that determine a person’s blood type. On the inner 
surface of the membrane are two eytoskeletal proteins, speetrin 
and aetin, which give it resilienee and durability. This is espeeially 
important when RBCs pass through small blood eapillaries and 
sinusoids. Many of these passages are narrower than the diameter 
of an RBC, foreing the RBCs to streteh, bend, and fold as they 
squeeze through. When they enter larger vessels, RBCs spring 
baek to their diseoid shape, like an air-filled inner tube. 

With no spaee occupied by organelles, RBCs ean earry more 
hemoglobin for a given eell volume. Their eytoplasm eonsists 
mainly of a 33% solution of hemoglobin (about 280 million mol- 
ecules per eell). Hemoglobin is known espeeially for its oxygen- 
transport function, but it also aids in the transport of earbon dioxide 
and the buffering of blood pH. 

Quantity of Erythroeytes 

The quantity of circulating erythroeytes is eritieally important to 
health, because it determines the amount of oxygen the blood ean 
earry. Two of the most routine measurements in hematology are 
measures of RBC quantity: the RBC count and the hematoerit, 5 
or paeked eell volume (PCV). The RBC count is normally 4.6 to 
6.2 million RBCs/p,L in men and 4.2 to 5.4 million/pL in women. 
(A mieroliter, p,L, is the same volume as a cubic millimeter, mm 3 ; 
RBC counts are also expressed as RBCs/mm 3 .) The hematoerit is 
the pereentage of blood vohime eomposed of RBCs (fig. 19.2). 
In men, it normally ranges between 45% and 52%; in women, 
between 37% and 48%. 
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Figure 19.4 The Structure of Hemoglobin. (a) The hemoglobin 
molecule eonsists of two alpha proteins and two beta proteins, with 
a nonprotein heme group bound to eaeh. (b) Structure of the heme 
group. 

• Where does oxygen bind to this molecule? 


ehains, are 146 amino aeids long. A nonprotein eomponent ealled 
the heme group is bound to eaeh protein ehain (fig. 19.4b). At 
the eenter of eaeh heme is an iron atom (Fe), the binding site for 
oxygen. Having four heme groups, eaeh hemoglobin molecule 
ean transport up to four 0 2 . About 5% of the C0 2 in the blood- 
stream is also transported by hemoglobin, but this is bound to 
the globin eomponent rather than to the heme, and a hemoglo- 
bin molecule ean therefore transport both gases simultaneously. 
The hemoglobin eoneentration of whole blood is normally 
13 to 18 g/dL in men and 12 to 16 g/dL in women. 


Hemoglobin 

The red eolor of blood is due to its hemoglobin (Hb), an iron- 
eontaining gas-transport protein normally found only in the 
RBCs. Hemoglobin eonsists of four protein ehains ealled globins 
(fig. 19.4a). In adult hemoglobin, two of these, the alpha (ol) 
ehains, are 141 amino aeids long, and the other two, the beta ((3) 


5 hemato = blood; erit = to separate 


The Erythroeyte Life Cycle apir 


The production of blood in general is ealled hemopoiesis (HE-mo- 
poy-EE-sis). Knowledge of hemopoiesis provides a foundation for 
understanding leukemia, anemia, and other blood disorders. We 
will survey some general aspeets of hemopoiesis before examining 
red eell production speeifieally. 

The tissues that produce blood eells are ealled hemopoietie 
tissues. The first such tissues of the human embryo form in the 
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yolk sae, a membrane assoeiated with all vertebrate embryos 
(see fig. 4.5, p. 91). In most vertebrates (fish, amphibians, reptiles, 
and birds), this sae eneloses the egg yolk, transfers yolk nutrients 
to the growing embryo, and produces the foremnners of the first 
blood eells. Even animals that don’t lay eggs, however, have a yolk 
sae that retains its hemopoietie function. (It is also the source of 
eells that later produce eggs and sperm.) Cell clusters ealled blood 
islands form here by the third week of human development. They 
produce stem eells that migrate into the embryo proper and eolo- 
nize the bone marrow, liver, spleen, and thymus. Here, the stem 
eells multiply and give rise to blood eells throughout fetal devel- 
opment. The liver stops producing blood eells around the time of 
birth. The spleen stops producing RBCs soon after, but it continues 
to produce lymphoeytes for life. 

From infaney onward, the red bone marrow produces all seven 
kinds of formed elements, while lymphoeytes are produced not 
only there but also in the lymphatie tissues and organs—espeeially 
the thymus, tonsils, lymph nodes, spleen, and patehes of lymphatie 
tissue in the mucous membranes. Blood formation in the bone 
marrow and lymphatie organs is ealled, respeetively, myeloid 6 and 
lymphoid hemopoiesis. 

All formed elements traee their origins to a eommon type of 
bone marrow stem eell, the hemopoietie stem eell (HSC). HSCs 
are so named because they have the potential to develop into mul- 
tiple mature eell types. They multiply at a relatively slow rate and 
thus maintain a small population in the bone marrow. Some of 
them go on to differentiate into a variety of more speeialized eells 
ealled eolony-forming units (CFUs), eaeh type destined to pro- 
duce one or another elass of formed elements. Through a series 
of precursor eells, the CFUs divide and differentiate into mature 
formed elements. 

The production of red blood eells speeifieally is ealled 
erythropoiesis 7 (eh-RITH-ro-poy-EE-sis). It begins when an HSC 
beeomes an erythroeyte eolony-forming unit (ECFU) (fig. 19.5). 
The hormone erythropoietin (EPO) stimulates the ECFU to develop 
into a proerythroblast, followed by an erythroblast (normoblast). 
Erythroblasts multiply and synthesize hemoglobin. When this task 
is eompleted, the nucleus shrivels and is diseharged from the eell. 


The eell is now ealled a reticulocytef named for a temporary 
network eomposed of clusters of ribosomes (polyribosomes). 
Reticulocytes leave the bone marrow and enter the circulating 
blood. When the last of the polyribosomes disintegrate and dis- 
appear, the eell is a mature erythroeyte. Normally, about 0.5% to 
1.5% of the circulating RBCs are reticulocytes, but this pereentage 
rises when the body is making RBCs espeeially rapidly, as when 
eompensating for blood loss. 

The entire proeess of transformation from HSC to mature 
RBC takes 3 to 5 days and involves four major developments—a 
reduction in eell size, an inerease in eell number, the synthesis of 
hemoglobin, and the loss of the nucleus and other organelles. The 
proeess normally generates about 1 million RBCs per seeond, or 
20 mL of paeked RBCs per day. 

The average RBC lives about 120 days after its release from 
the bone marrow. As it ages, its membrane proteins (espeeially 
speetrin) deteriorate, and the membrane grows inereasingly fragile. 
Without a nucleus or ribosomes, an RBC eannot synthesize new 
speetrin. Eventually, it ruptures as it tries to flex its way through 
narrow eapillaries and sinusoids. The spleen has been ealled an 
“erythroeyte graveyard” because RBCs have an espeeially difficult 
time passing through its small ehannels. Here the old eells beeome 
trapped, broken up, and destroyed. 

The life span of an RBC is often deseribed as relatively short, 
owing to the faet that it laeks protein synthesis organelles and ean- 
not repair itself. However, this 120 days is actually a relatively long 
life eompared to other formed elements. Most leukocytes (which 
have nuclei) live less than a week, and platelets live about 10 days. 
Only monoeytes and lymphoeytes outlive the RBCs. 

Blood Types 

There are numerous genetieally determined blood groups in 
the human population, eaeh of which eontains multiple blood 
types. The most familiar of these are the ABO group (with 
blood types A, B, AB, and O) and Rh group (with blood types 
Rh-positive and Rh-negative). These types differ with respeet 
to the ehemieal eomposition of glyeolipids on the RBC surface; 


6 myel = bone marrovv 8 reticulo = little netvvork; eyfe = eell 

7 erythro = red; poiesis = formation of 
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Figure 19.5 Erythropoiesis. Stages in the development of erythroeytes. 
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DEEPER INSIGHT 



Bone Marrow and Cord Blood Transplants 

A bone marrow transplant is one treatment option for leukemia, 
siekle-eell disease, some forms of anemia, and other disorders. 
The prineiple is to replaee cancerous or otherwise defeetive 
marrow with donor stem eells in hopes that they will rebuild a 
population of normal marrow and blood eells. The patient is first 
given ehemotherapy or radiation to destroy the defeetive marrow 
and eliminate immune eells (T eells) that would attaekthe donated 
marrow. Bone marrow is drawn from the donor’s sternum or hip 
bone and injeeted into the reeipient’s circulatory system. Donor 
stem eells eolonize the patient’s marrow eavities and, ideally, 
build healthy marrow. 

There are, however, several drawbacks to bone marrow 
transplant. For one, it is difficult to find eompatible donors. 
Surviving T eells in the patient may attaek the donor marrow, and 
donor T eells may attaek the patient’s tissues (the graft-versus- 
host response). To inhibit graft rejeetion, the patient must take 
immunosuppressant drugs for life. These drugs leave a person 
vulnerable to infeetion and have many other adverse side effeets. 
infeetions are sometimes eontraeted from the donated marrow 
itself. In short, marrow transplant is a high-risk procedure; up to 
one-third of patients die from eomplieations of treatment. 

An alternative with several advantages is to use blood from 
plaeentas, which are normally disearded at every ehildbirth. Pla- 
eental blood eontains more stem eells than adult bone marrow, 
and is less likely to earry infectious mierobes. With the parents’ 
eonsent, it ean be harvested from the umbilical eord with a syringe; 
and it ean be stored almost indefinitely, frozen in liquid nitrogen at 
eord blood banks. The immature immune eells in eord blood have 
less tendeney to attaek the reeipient’s tissues; thus, eord blood 
transplants have lower rejeetion rates and do not require as elose 
a mateh between donor and reeipient, meaning that more donors 
are available to a patient in need. Pioneered in the 1980s, eord 
blood transplants have successfully treated leukemia and a wide 
range of other blood diseases. Efforts are being made to further 
improve the procedure by stimulating plaeental stem eells to mul- 
tiply before the transplant, and by removing plaeental T eells that 
may reaet against the reeipient. 


figure 19.6 shows how the ABO types differ in this regard. The 
glyeolipids aet as antigens, substances eapable of evoking an 
immune reaetion. The blood plasma eontains antibodies that 
reaet against ineompatible antigens on foreign RBCs. 

RBC antigens and plasma antibodies determine the eom- 
patibility of donor and reeipient blood in transfusions. For 
example, a person with blood type A has anti-B antibodies in 
the blood plasma. If this person is mistakenly given a transfusion 
of type B blood, those antibodies attaek the donor RBCs. The 
RBCs agglutinate—they form clumps that obstmet the circula- 
tion in small blood vessels, with devastating consequences for 
such emeial organs as the brain, heart, lungs, and kidneys. The 
agghitinated RBCs also rupture (hemolyze) and release their 
hemoglobin. This free hemoglobin is filtered out by the kidneys, 
elogs the mieroseopie kidney tubules, and ean cause death from 
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Figure 19.6 ehemieal Basis of the ABO Blood Types. Blood types 
are determined by the ehemistry of glyeolipids of the RBC plasma 
membrane. Types A, B, AB, and O erythroeytes differ only in the terminal 
three to four earbohydrates of the glyeolipid molecules. All of them end 
with galaetose and fucose, but they differ in the presenee or absenee, and 
type, of additional sugar bonded to the galaetose. The additional sugar 
is absent in type O; it is A/-acetylgalactosamine in type A; it is another 
galaetose in type B; and type AB eells have both the type A and B ehains. 


renal failure within a week or so. The same ean happen if a type B 
person reeeives type A blood, or if a type O person reeeives either 
type A or type B. ineompatibility of Rh types between the mother 
and fetus sometimes causes severe anemia in the newborn infant 
(hemolytie disease ofthe newborn). 


Apply What You Know 

Why might a court of law be interested even in human blood 
types that have no eonneetion to disease? 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

5. What are the two main functions of RBCs? 

6 . Define hemotoerit and RBC count, and state some normal 
elinieal values for eaeh. 

7. Deseribe the structure of a hemoglobin molecule. Explain 
where 0 2 and C0 2 are earried on a hemoglobin molecule. 

8 . Namethe stages inthe production of an RBC, and statethe 
differenees between them. 

9. Explain what plasma and RBC eomponents are responsible 
for blood types, and why blood types are elinieally important. 
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Leukocytes 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the appearanee of the five kinds of leukocytes; 

b. explain the function of WBCs in general and the 
individual roles of eaeh WBC type; 

e. deseribe the formation and life history of WBCs; and 
d. deseribe the production, death, and disposal of 
leukocytes. 


Form and Function 

Leukocytes, or white blood eells (WBCs), are the least abundant 
formed elements, totaling only 5,000 to 10,000 WBCs/|iL. Yet 
we eannot live long without them, because they afford proteetion 
against infectious mieroorganisms and other pathogens. WBCs are 
easily reeognized in stained blood films because they have eonspie- 
uous nuclei that stain from light violet to dark purple with the most 
eommon blood stains. They are much more abundant in the body 
than their low number in blood films would suggest, because they 
spend only a few hours in the bloodstream, then migrate through 
the walls of the eapillaries and venules and spend the rest of their 
lives in the eonneetive tissues. It’s as if the bloodstream was merely 
the subway that the WBCs take to work; in blood films, we see only 
the ones on their way to work, not the WBCs already in the tissues. 

Leukocytes differ from erythroeytes in that they retain their 
organelles throughout life; thus, when viewed with the transmis- 
sion eleetron mieroseope, they show a complex internal structure 
(fig. 19.7). Among these organelles are the usual instmments of 
protein synthesis—the nucleus, rough endoplasmie reticulum, 
ribosomes, and Golgi complex—for leukocytes must synthesize 
proteins in order to earry out their functions. Some of these pro- 
teins are paekaged into lysosomes and other organelles, which 
appear as conspicuous eytoplasmie granules that distinguish one 
WBC type from another. 


Types of Leukocytes 

As outlined at the beginning of this ehapter, there are five kinds 
of leukocytes (table 19.4). They are distinguished from eaeh other 
by their relative size and abundance, the size and shape of their 
nuclei, the presenee or absenee of eertain eytoplasmie granules, 
the eoarseness and staining properties of those granules, and most 
importantly by their functions. All WBCs have lysosomes ealled 
nonspeeifie (azurophilic 9 ) granules in the eytoplasm, so named 
because they absorb the blue or violet dyes of blood stains. Three of 
the five WBC types—neutrophils, eosinophils, and basophils—are 
ealled granulocytes because they also have various types of speeifie 
granules that stain conspicuously and distinguish eaeh eell type 


9 azuro = blue; philie = loving 


from the others. Basophils are named for the faet that their speeifie 
gramiles stain intensely with methylene blue, a basie dye in a eom- 
mon blood staining mixture ealled Wright’s stain. Eosinophils are 
so named because their speeifie granules stain with eosin, an aeidie 
dye in Wright’s stain. The speeifie granules of neutrophils do not 
stain intensely with either dye. Speeifie granules eontain enzymes 
and other ehemieals employed in defense against pathogens. The two 
remaining WBC types—monoeytes and lymphoeytes—are ealled 
agranulocytes because they laek speeifie granules. Nonspeeifie 
granules are inconspicuous to the light mieroseope, and these eells 
therefore have relatively elear-looking eytoplasm. 

Bear in mind that the eolor of WBC nuclei (usually violet) 
and the eolors deseribed for their granules are not natural eolors. 
They result from the dyes used to stain blood films, and they vary 
depending on what stain was used on any blood films you may 
study. The differential count given for eaeh type of WBC refers to 
the number of eells of that type relative to the other WBCs. 

Grarmloeytes 

• Neutrophils (NEW-tro-fills) are the most abundant WBCs— 
constituting 60% to 70% of the circulating leukocytes. The 
nucleus is elearly visible and, in a mature neutrophil, typieally 
eonsists of three to five lobes eonneeted by slender nuclear 
strands. These strands are sometimes so delieate that they 
are seareely visible, and the neutrophil may seem as if it has 
multiple nuclei. Young neutrophils have an undivided nucleus 
often shaped like a band; thus, they are ealled band eells or 
stab 10 eells. Neutrophils are also ealled polymorphonuclear 
leukocytes (PMNs) because of their varied nuclear shapes. 

The eytoplasm eontains fine reddish to violet speeifie 
granules, which eontain lysozyme and other antimierobial 


w stab = band, bar (German) 





Nucleus 


Lysosomes 


Figure 19.7 Structure of an Eosinophil. In eontrast to an RBC, the 
WBC eytoplasm is crowded with organelles, including a nucleus. 
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Pereentage of WBCs 60%-70% 

Mean count 4,150 cells/|iL 

Diameter 9-12 gm 

Appearanee* 

Nucleus usually with 3-5 lobes in S- or C-shaped array 
Fine reddish to violet speeifie granules in eytoplasm 

Differential Count 

inereases in baeterial infeetions 

Functions 

Phagoeytize baeteria 
Seerete antimierobial ehemieals 



Neutrophils 



Eosinophils 

Pereentage of WBCs 2%-4% 

Mean count 170 eells/pL 

Diameter 10-14 pm 

Appearanee* 

Nucleus usually with two large lobes eonneeted by thin strand 
Large orange-pink speeifie granules in eytoplasm 

Differential Count 

Fluctuates greatly from day to night, seasonally, and with phase of menstmal eyele 
inereases in parasitie infeetions, allergies, eollagen diseases, and diseases of spleen 
and eentral nervous system 

Functions 

Phagoeytize antigen-antibody complexes, allergens, and inflammatory ehemieals 
Seerete enzymes that weaken or destroy parasites such as worms 



Eosinophil 


i 


i 


10 jnm 


Basophils 

Pereentage of WBCs <0.5% 

Mean count 40 eells/pL 

Diameter 8-10 pm 

Appearanee* 

Nucleus large and irregularly shaped, but typieally obscured from view 
Coarse, abundant, dark violet speeifie granules in eytoplasm 

Differential Count 

Relatively stable 

inereases in chickenpox, sinusitis, diabetes mellitus, myxedema, and polyeythemia 

Functions 

Seerete histamine (a vasodilator), which inereases blood flow to a tissue 

Seerete heparin (an anticoagulant), which promotes mobility of other WBCs by preventing elotting 



Basophil 
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Pereentage of WBCs 3%-8% 

Mean count 460 eells/gL 

Diameter 12-15 |jm 

Appearanee* 

Nucleus ovoid, kidney-shaped, or horseshoe-shaped 

Abundant light violet eytoplasm with sparse, fine, nonspeeifie granules 

Sometimes very large with stellate or polygonal shapes 

Differential Count 

inereases in viral infeetions and inflammation 

Functions 

Differentiate into maerophages (large phagoeytie eells of the tissues) 
Phagoeytize pathogens, dead neutrophils, and debris of dead eells 
Present antigens to aetivate other eells of immune system 
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Lymphoeytes 


Pereentage of WBCs 25%-33% 

Mean count 2,200 eells/pL 

Diameter 

Small elass 5-8 pm 

Medium elass 10-12 pm 

Large elass 14-17 pm 

Appearanee* 

Nucleus round, ovoid, or slightly dimpled on one side, of uniform dark violet eolor 

In small lymphoeytes, nucleus fills nearly all of the eell and leaves only a seanty rim of elear, 

light blue eytoplasm 

In larger lymphoeytes, eytoplasm is more abundant; large lymphoeytes may be hard to 
differentiate from monoeytes 
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Differential Count 

inereases in diverse infeetions and immune responses 


Functions 

Several functional elasses indistinguishable by light mieroseopy 
Destroy eaneer eells, eells infeeted with viruses, and foreign eells 
Present antigens to aetivate other eells of immune system 
Coordinate aetions of other immune eells 
Seerete antibodies 
Serve in immune memory 


*Appearance pertains to blood films dyed with Wright’s stain. 


agents. The individual granules are very small, barely visible 
with the light mieroseope, but they give the eytoplasm a pale 
lilae eolor. 

Neutrophils are aggressive antibaeterial eells. They have 
two ways of destroying baeteria. One is to phagoeytize and 
digest them. The other is to release a potent mix of toxic 
ehemieals, including hypoehlorite (HC10) (the aetive agent 
in household bleaeh) and the superoxide anion (0 2 * _ ) ? which 
reaets with hydrogen ions to produce hydrogen peroxide 
(H 2 0 2 ). Just as bleaeh and hydrogen peroxide are often used 


around the home as disinfeetants, they are deadly to baeteria 
in the tissues. These ehemieals form a killing zone around 
the neutrophil, lethal to the invaders but also to the neutro- 
phil itself. Neutrophils are thus the body’s suicidal guardians 
against infeetion. Baeterial infeetions eommonly stimulate 
neutrophilia—a rise in neutrophil count—as this army of eells 
is mobilized against them. 

Eosinophils (EE-oh-SIN-oh-fills) are harder to find in a 
blood film because they are only 2% to 4% of the WBC 
population. The eosinophil count fluctuates greatly, however, 
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from day to night, seasonally, and with the phase of the 
menstmal eyele. It rises (eosinophilia) in allergies, parasitie 
infeetions, eollagen diseases, and diseases of the spleen and 
eentral nervous system. Although relatively seanty in the 
blood, eosinophils are abundant in the mucous membranes 
of the respiratory, digestive, and lower urinary traets. The 
eosinophil nucleus usually has two large lobes eonneeted by 
a thin strand, and the eytoplasm has an abundance of eoarse 
rosy to pinkish orange speeifie granules. Eosinophils seerete 
ehemieals that weaken or destroy relatively large parasites 
such as hookworms and tapeworms, too big for any one WBC 
to phagoeytize. Eosinophils also phagoeytize and dispose 
of inflammatory ehemieals, antigen-antibody complexes 
(masses of antigen molecules stuck together by antibodies), 
and allergens (foreign antigens that trigger allergies). 
Basophils (BASE-oh-fills) are the rarest of the WBCs 
and, indeed, of all formed elements, usually less than 0.5% 
of the WBC count. They ean be reeognized mainly by an 
abundance of very eoarse, dark violet speeifie granules. The 
nucleus is largely hidden from view by these granules, but is 
large, pale, and typieally S- or U-shaped. Basophils seerete 
two ehemieals that aid in the body’s defense proeesses: 

(1) histamine, a vasodilator that widens the blood vessels, 
speeds the flow of blood to an injured tissue, and makes the 
blood vessels more permeable so that blood eomponents such 
as neutrophils and elotting proteins ean get into the eonneetive 
tissues more quickly; and (2) heparin, an anticoagulant that 
inhibits blood elotting and thus promotes the mobility of 
other WBCs in the area. They also release ehemieal signals 
that attraet eosinophils and neutrophils to a site of infeetion. 
Basophil count often rises in diabetes, chickenpox, and 
various other diseases. 


Agranulocytes 

• Monoeytes (MON-oh-sites) are large WBCs, often two or 
three times the diameter of an RBC. They number about 
3% to 8% of the WBC count. The nucleus is large and 
elearly visible, often relatively light violet, and typieally 
ovoid, kidney-shaped, or horseshoe-shaped. The eytoplasm 
is abundant and eontains sparse, fine granules. In prepared 
blood films, monoeytes often assume sharply angular to 
spiky shapes (see fig. 19.1). The monoeyte count rises in 
inflammation and viral infeetions. Monoeytes go to work 
only after leaving the bloodstream and transforming into 
large tissue eells ealled maerophages 11 (MAC-ro-fay-jez). 
In one hour, a maerophage ean consume an amount of 
foreign matter equivalent to 25% of its own volume. They 
destroy dead or dying host and foreign eells, pathogenie 
ehemieals and mieroorganisms, and other foreign mat- 
ter. They also ehop up or “proeess” foreign antigens and 
“display” fragments of them on the eell surface to alert 
the immune system to the presenee of a pathogen. Thus, 
they and a few other eells are ealled antigen-presenting 


11 maero = big; phage = eater 


eells (APCs). There are several kinds of maerophages in the 
body deseended from monoeytes or from the same hemo- 
poietie stem eells as monoeytes. Some of them have speeial 
names, such as the mieroglia of the eentral nervous system, 
alveolar maerophages (dust eells) of the hmgs, and hepatie 
maerophages (Kupffer eells) of the liver. 

Lymphoeytes (LIM-fo-sites) include the smallest WBCs; at 
5 to 17 pm in diameter, they range from smaller than RBCs 
to two and a half times as large, but those in circulating blood 
are generally at the small end of the range. They are seeond to 
neutrophils in abundance and are thus quickly spotted when 
you examine a blood film. They number about 2,200 eells/pL 
and are 25% to 33% of the WBC count. The lymphoeyte 
nucleus is round, ovoid, or slightly dimpled on one side. It 
usually stains dark violet and fills nearly the entire eell, espe- 
eially in small lymphoeytes. The eytoplasm stains light blue 
and forms a narrow and often barely deteetable rim around 
the nucleus, although it is more abundant in the larger lym- 
phoeytes. Small lymphoeytes are sometimes difficult to dis- 
tinguish from basophils, but most basophils are conspicuously 
grainy whereas the lymphoeyte nucleus is uniform or merely 
mottled. Basophils also laek the rim of elear eytoplasm seen 
in most lymphoeytes. Large lymphoeytes ean be difficult to 
distinguish from monoeytes. 

The lymphoeyte count inereases in diverse infeetions and 
immune responses. Some of them function in nonspeeifie 
defense of the body against vimses and eaneer, but most of 
them are involved in adaptive immunity, a defense in which 
the body reeognizes a eertain antigen it has encountered 
before and mounts such a quick response that a person notiees 
little or no illness. The various lymphoeytes are not distin- 
guishable by light mieroseopy, but differ in their functions. As 
you will see in ehapter 22, there are three functional elasses of 
lymphoeytes— NK (natural killer) eells, B eells, and T eells, 
which attaek different eategories of pathogens. 


The Leukocyte Life Cycle 

Leukopoiesis (LOO-eo-poy-EE-sis), the production of white 
blood eells, begins with the same hemopoietie stem eells (HSCs) 
as erythropoiesis. Some HSCs differentiate into the distinet types 
of eolony-forming units, which then go on to produce any of three 
eell lines (fig. 19.8) —(1) myeloblasts, eommitted to producing 
the three kinds of granulocytes; (2) monoblasts, which produce 
monoeytes; or (3) lymphoblasts, which produce lymphoeytes. 

Granulocytes and monoeytes stay in the red bone marrow until 
they are needed; the marrow eontains 10 to 20 times as many of 
these eells as the circulating blood does. Lymphoeytes, by eontrast, 
begin developing in the bone marrow but then migrate elsewhere. 
B lymphoeytes (B eells) mature in the bone marrow and some 
remain there, while others disperse and eolonize the lymph nodes, 
spleen, tonsils, and mucous membranes. To remember their site 
of maturation, it may help to think “B for bone marrow,” although 
these eells were actually named for an organ in ehiekens (the 
bursa of Fabricius) where they were diseovered. T lymphoeytes 
(T eells) begin development in the bone marrow but then migrate 
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Hemopoietie Colony-forming 

stem eell units (CFUs) 


Precursor 

eells 


Mature 

eells 
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Figure 19.8 Leukopoiesis. Stages in the development of leukocytes. 

• Explain the meaning and relevanee ofthe eombining form myelo-, seen in so many ofthese eell names. 


to the thymus (a gland in the mediastinum just above the heart) and 
mature there. The T stands for thymm-dependent. Mature T lym- 
phoeytes disperse from the thymus and eolonize the same organs 
as B lymphoeytes. Natural killer (NK) eells develop in the bone 
marrow like B eells. 


Circulating WBCs do not stay in the blood for very long. Gran- 
ulocytes circulate for 4 to 6 hours and then migrate into the tissues, 
where they live for another 4 or 5 days. Monoeytes travel in the 
blood for 10 or 20 hours, then migrate into the tissues and trans- 
form into a variety of maerophages, which live as long as a few 
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I N S I G H T 


The Complete Blood Count 








Platelets 


One of the most eommon elinieal procedures in both routine 
physieal examinations and the diagnosis of disease is a eomplete 
blood count (CBC). The CBC yields a highly informative profile of 
data on multiple blood values: the number of RBCs, WBCs, and 
platelets per mieroliter of blood; the relative numbers (pereentages) 
of eaeh WBC type, ealled a differentiol WBC count; hematoerit; 
hemoglobin eoneentration; and various RBC indiees such as RBC 
size (meon corpusculor volume, MCV) and hemoglobin eoneen- 
tration per RBC (meon corpusculor hemoglobin, MCH). 

RBC and WBC counts used to require the mieroseopie exami- 
nation offilms of diluted blood on a ealibrated slide, and a differ- 
ential WBC count required examination of stained blood films. 
Today, most laboratories use eleetronie eell counters. These 
deviees dravv a blood sample through a very narrovv tube vvith 
sensors that identify eell types and measure eell sizes and hemo- 
globin eontent. These counters give faster and more accurate 
results based on much larger numbers of eells than the old visual 
methods. Hovvever, eell counters still misidentify some eells, and 
a medieal teehnologist must revievv the results for suspicious 
abnormalities and identify eells that the instmment eannot. 

The vvealth of information gained from a CBC is too vast to 
give more than a fevv examples here. Various forms of anemia are 
indieated by lovv RBC counts or abnormalities of RBC size, shape, 
and hemoglobin eontent. A platelet defieieney ean indieate an 
adverse drug reaetion. A high neutrophil count suggests baeterial 
infeetion, and a high eosinophil count suggests an allergy or para- 
sitie infeetion. Elevated numbers of speeifie WBC types or WBC 
stem eells ean indieate various forms of leukemia. If a CBC does 
not provide enough information or if it suggests other disorders, 
additional tests may be done, such as coagulation time and bone 
marrovv biopsy. 


years. Lymphoeytes, responsible for long-term immunity, have life 
spans ranging from weeks to deeades. 

When leukocytes die, they are generally phagoeytized and 
digested by maerophages. Dead neutrophils, however, are respon- 
sible for the ereamy eolor of pus, and are sometimes disposed of by 
the rupture of a blister onto the skin surface. 

Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

10. What is the purpose of WBCs in general? 

11. Name the five kinds of WBCs and state the speeifie functions 
of eaeh. 

12. Deseribe the key features that enable one to mieroseopieally 

identify eaeh WBC type. 

13. What are maerophages? What elass of WBCs do they arise 

from? Name some types of maerophages. 


Expected Learning Outcomes 

When you have eompleted this seetion, you should be able to 

a. deseribe the structure of blood platelets; 

b. explain the multiple roles played by platelets in 
hemostasis and blood vessel maintenanee; 

e. deseribe platelet production and state their 
longevity; and 

d. deseribe the general proeesses of hemostasis. 


Circulatory systems developed very early in animal evolution, 
and with them evolved meehanisms for stopping leaks, which are 
potentially fatal. Platelets are the major players in eessation of 
bleeding, and are the focus of this seetion. 

Form and Function 

Platelets are not eells but small fragments of marrow eells ealled 
megakaryoeytes. They are the seeond most abundant formed 
elements, after erythroeytes; a normal platelet count in blood from 
a fingerstiek ranges from 130,000 to 400,000 platelets/pL (averag- 
ing about 250,000). The platelet count ean vary greatly, however, 
under different physiologieal eonditions and in blood samples 
taken from various plaees in the body. In spite of their numbers, 
platelets are so small (2 to 4 p,m in diameter) that they contribute 
even less than WBCs to the blood volume. 

Platelets have a complex internal structure that includes 
lysosomes, mitoehondria, microtubules and mierofilaments, 
granules filled with platelet seeretions, and a system of ehan- 
nels ealled the open canalicular system, which opens onto 
the platelet surface (fig. 19.9a). They have no nucleus. When 
aetivated, they form pseudopods and are eapable of ameboid 
movement. 

Despite their small size, platelets have a greater variety of 
functions than any of the tme blood eells: 

• They seerete vasoeonstrietors, ehemieals that cause spas- 
modie eonstrietion of broken vessels and thus help reduce 
blood loss. 

• They stiek together to form temporary platelet plugs to seal 
small breaks in injured blood vessels. 

• They seerete procoagulants, or elotting faetors, which pro- 
mote blood elotting. 

• They initiate the formation of a elot-dissolving enzyme 
that dissolves blood elots that have outlasted their 
usefulness. 

• They seerete ehemieals that attraet neutrophils and monoeytes 
to sites of inflammation. 

• They internalize and destroy baeteria. 

• They seerete growth faetors that stimulate mitosis in fibro- 
blasts and smooth muscle and thus help to maintain and repair 
blood vessels. 
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Platelet Production 

The production of platelets is a division of hemopoiesis ealled 
thrombopoiesis. (Platelets are oeeasionally ealled thromboeytes , 12 
but this term is now usually reserved for nucleated true eells in 
other animals such as birds and reptiles.) Some hemopoietie 
stem eells produce reeeptors for the hormone thrombopoietin, 
thus beeoming megakaryoblasts, eells eommitted to the platelet- 
producing line. The megakaryoblast duplicates its DNA repeat- 
edly without undergoing nuclear or eytoplasmie division. The 
result is a megakaryoeyte 13 (meg-ah-CAR-ee-oh-site), a gigantie 
eell up to 150 pm in diameter, visible to the naked eye, with 
a huge multilobed nucleus and multiple sets of ehromosomes 
(fig. 19.9b). Most megakaryoeytes live in the red bone marrow 
adjaeent to blood-filled spaees ealled sinusoids, which are lined 
with a thin simple squamous epithelium ealled the endothelium 

(see fig. 22.9, p. 617). 


u thrombo = elotting; eyfe = eell 

13 mego = giant; koryo = nucleus; eyfe = eell 



Pseudopod 

Granules 

Open 

canalicular 

system 

Mitoehondria 



o 

ui 

a> 

o 


o 
• “““ 

o 

U1 


U1 

D 

U1 

en 



2 jLim 



Platelets Bloodflow 



Figure 19.9 Platelets. (a) Structure of blood platelets (TEM). 

(b) Platelets being produced by the shearing of proplatelets from a 
megakaryoeyte. Note the size of the megakaryoeyte relative to the 
RBCs, WBCs, and platelets. AP| R 


A megakaryoeyte sprouts long, beaded tendrils ealled proplate- 
lets that protmde through the endothelium into the blood of the sinu- 
soid. The blood flow shears off the proplatelets, which break up into 
platelets as they travel in the bloodstream. Much of this breakup is 
thought to occur in the small vessels of the lungs; proplatelets are 
relatively abundant in blood entering the lungs, but blood exiting the 
lungs shows more platelets and few proplatelets. About 25% to 40% 
of the platelets are stored in the spleen and released as needed. The 
remainder circulate freely in the blood and live for about 5 or 6 days. 

Hemostasis 

Hemostasis 14 is the eessation of bleeding. The details of hemostasis 
are beyond the seope of an anatomy textbook, but the basie roles of 
platelets in the proeess will be briefly surveyed here. Upon injury to 
a blood vessel, platelets release serotonin. This ehemieal stimulates 
vasoeonstrietion, or narrowing of the blood vessel, to reduce blood 
loss. Platelets also adhere to the vessel wall and to eaeh other, forming 
a stieky mass ealled a platelet plug. Platelet plugs temporarily seal 
breaks in small blood vessels. Platelets and injured tissues around the 
blood vessel also release elotting faetors. Through a series of enzy- 
matie reaetions, elotting faetors eonvert the plasma protei n fibrinogen 
into the stieky protein fibrin. Fibrin adheres to the wall of the blood 
vessel, and as blood eells and platelets arrive, many of them stiek to 
the fibrin like inseets in a spider web. The resulting mass of fibrin, 
platelets, and blood eells (fig. 19.10) forms a elot that ideally seals the 
break in the blood vessel long enough for the vessel to heal. 


n hemo = blood; stasis = stability 



Figure 19.10 A Blood eiot (SEM). Platelets are seen trapped in a 

stieky protein mesh. 

• Whot is the nome ofthis protein? 


Professor Pietro M. Motta/SPL/Seienee Source 
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Onee the leak is sealed and the erisis has passed, platelets 
seerete platelet-derived growth faetor (PDGF), a substance 
that stimulates fibroblasts and smooth muscle to proliferate and 
replaee the damaged tissue of the blood vessel. When tissue 
repair is eompleted and the blood elot is no longer needed, the 
elot must be disposed of. Platelets then seerete faetor XII, a pro- 
tein that initiates a series of reaetions leading to the formation of 
a fibrin-digesting enzyme ealled plasmin. Plasmin dissolves the 
old blood elot. 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

14. List several fiinetions of blood platelets. 

15. How are blood platelets produced? How long do they live? 

16. Briefly deseribe the stages in which platelets help to stop 

bleeding and repair a damaged blood vessel. 



Expected Learnìng Oiiteomes 


When you have eompleted this seetion, you should be able to 

a. deseribe ehanges that occur in the blood in old age; and 

b. deseribe some eommon abnormalities of RBC, 

WBC, and platelet count and morphology, and the 
consequences of these abnormalities. 


Hematology in Old Age 

We have eonsidered the embryonie origin and ongoing hemopoietie 
development of the blood in previous seetions. At the other end of 
the life span, aging has multiple effeets on the blood. Evidenee sug- 
gests that the baseline rate of erythropoiesis does not ehange much 
with age; eell counts, hemoglobin eoneentration, and other variables 
are about the same among healthy people in their 70s as in the 30s. 
However, older people do not adapt well to stress on the hemopoietie 
system, perhaps because of the seneseenee of other organ systems. 

Faetors that cause anemia in older people are very eomplieated 
and interrelated. It ean result from nutritional defieieneies, inad- 
equate exercise, or speeifie diseases. The normal atrophy of the 
kidneys in old age ean be a contributing faetor, sinee the kidneys 
seerete erythropoietin, the prineipal stimulus for RBC production. 
There may also be an intrinsie limit to how many times the hemo- 
poietie stem eells ean divide and continue producing new blood 
eells. It is almost impossible to determine whether aging alone 
causes anemia in the absenee of other contributing faetors such as 
poor exercise or nutritional habits. 


Thrombosis, the abnormal elotting of blood in an unbro- 
ken blood vessel, beeomes inereasingly problematie in old age. 
Plaques of atheroselerosis in the blood vessels ean aet as sites of 
blood elotting. The blood elots espeeially easily in the veins, where 
blood flow is slowest. About 25% of people over age 50 experi- 
enee venous bloekage by thrombosis, espeeially people who do 
not exercise regularly and people eonfined to a bed or wheelchair. 
Stationary blood elots ean cause stroke, heart failure, or kidney 
failure, and elots ean break free and travel in the bloodstream 
(a eondition ealled thromboembolism) until they lodge in small 
vessels and cut off the blood flow to other organs. Pulmonary 
failure often results from thromboembolism. 

Disorders of the Blood 

We conclude with a survey of some elinieal aspeets of hematology, 
espeeially disorders that affeet the relative numbers of formed 
elements and thus the appearanee of stained blood films, or 
that alter the appearanee of the individual formed elements. 
Some eommon nonstructural blood disorders are deseribed in 

table 19.5. 

Erythroeyte Disorders 

The two prineipal RBC disorders are anemia 15 (an RBC or hemo- 
globin defieieney) and polyeythemia 16 (an RBC excess). The latter 
is also known as erythroeytosis. 

There are three fundamental eategories of anemia: 

1. Depressed erythropoiesis or hemoglobin synthesis. In such 
eases, erythropoiesis fails to keep paee with the normal death 
of RBCs. We have already seen that atrophy of the kidneys 
in the elderly ean reduce erythropoietie rates because of a 
defieieney of erythropoietin. At any age, a dietary defieieney 
of iron or eertain vitamins ean cause nutritional anemias 
(such as iron-defieieney anemia). Radiation, vimses, and 
some poisons cause anemia by destroying bone marrow. 

2. Hemolytie anemia. This is a result of rapid RBC destmetion 
exceeding the rate of erythropoiesis. Hemolytie anemia 

ean result from a variety of poisons, dmg reaetions, siekle- 
eell disease, animal venoms, or blood-destroying parasitie 
infeetions such as malaria. 

3. Hemorrhagie anemia. This is an RBC defieieney resulting 
from bleeding. It ean be a consequence of trauma such as 
gunshot, automobile, or battlefield injuries; hemophilia; 
bleeding ulcers; ruptured aneurysms; or heavy menstmation. 

Although anemia most obviously affeets the RBC count, it 
ean also affeet RBC morphology. Thalassemia, for example, is a 
hereditary blood disease among people of Mediterranean deseent. 
It is eharaeterized by defieient hemoglobin synthesis, and not only 
is the RBC count reduced but the existing RBCs are mieroeytie 
(abnormally small) and hypoehromie (pale). iron-defieieney 
anemia is eharaeterized by these structural abnormalities as well 


15 on = without; em = blood; /'o = eondition 
16 po/y = many; eyf = eells; hemia = blood eondition 
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TABLE 19.5 Some Disorders of the Blood 


Disseminated intravascular coagulation (DIC) Widespread elotting within unbroken vessels, limited to one organ or occurring throughout the 

body. Usually triggered by septieemia but also occurs when blood circulation slows markedly 
(as in eardiae arrest). Marked by widespread hemorrhaging, eongestion of the vessels with 
elotted blood, and tissue neerosis in blood-deprived organs. 

Embolism The presenee of any abnormal objeet (embolus) traveling in the bloodstream, such as an air 

bubble (oir embolism), agglutinated RBCs or baeteria, or traveling blood elot (thromboembolism). 
Presents a danger of bloeking small blood vessels and shutting offthe blood flow to vital tissues, 
thus causing stroke, heart failure, kidney failure, or pulmonary failure. 


Hemophilia 


lnfectious mononucleosis 


Septieemia 

Disorders Deseribed Elsevvhere 


Abnormally slow blood elotting as a result of the hereditary defieieney of a elotting faetor, 
usually faetor VIII (a liver product). Prolonged bleeding results in the painful pooling ofelotted 
blood (hemotomos) in such sites as the muscles and joints, or in fatal blood loss. Treatable with 
injeetions of the missing elotting faetor. 

infeetion of B lymphoeytes with Epstein-Barr virus. Usually transmitted by exchange of saliva, 
as in kissing; most eommon in adoleseents and young adults. Causes fever, fatigue, sore throat, 
inflamed lymph nodes, and leukocytosis. Usually self-limiting and resolves within a few weeks. 

Baeteria in the bloodstream, stemming from infeetion elsewhere in the body. Often causes 
fever, ehills, and nausea, and may cause septie shoek. 


Anemia 534 
Leukemia 535 
Leukocytosis 535 


Leukopenia 535 Thalassemia 534 

Polyeythemia 535 Thromboeytopenia 535 

Siekle-eell disease 536 Thrombosis 534 


as poikiloeytosis, 11 in which RBCs assume teardrop, peneil, and 
other variable and abnormal shapes. Siekle-eell disease is another 
well-known hereditary anemia with abnormal RBC morphology 
(see Deeper Insight 19.3). 

Whatever the cause of anemia, it may result in tiredness, lethargy, 
shortness of breath, or more serious consequences—organ deteriora- 
tion (neerosis) stemming from oxygen deprivation (hypoxia). 

Polyeythemia (POL-ee-sih-THEME -ee-uh), an excess RBC count, 
ean result from eaneer of the bone marrow (primary polyeythemia) or 
from a multitude of other eonditions ( seeondary polyeythemia). The 
latter include abnormally high oxygen demand (as in people who 
engage in overzealous aerobie exercise) or low oxygen supply (as 
in people who live at high altitudes or suffer lung diseases such as 
emphysema). RBC counts ean rise as high as 11 million RBCs/pL 
and hematoerit as high as 80%. The thiek blood sludges in the vessels, 
tremendously inereases blood pressure, and puts a dangerous strain on 
the cardiovascular system that ean lead to heart failure or stroke. 

Leukocyte Disorders 

A WBC defieieney is ealled leukopenia, and ean result from 
heavy metal poisoning, radiation exposure, and infectious diseases 
such as measles, chickenpox, polio, and AIDS. Such a defieieney 
of disease-fighting WBCs leaves a person susceptible to oppor- 
timistie infeetions, infeetions that a normal person could fight off 
but that ean be overwhelming or even life-threatening to a person 
with a eompromised immune system. An abnormally high WBC 
count is ealled leukocytosis. It usually results from an infeetion or 


u poikilo = variable; eyf = eell; os/'s = eondition 


allergy, but ean also stem from such causes as emotional stress and 
dehydration (WBCs beeome more eoneentrated when water is lost 
from the bloodstream). Leukemia is a eaneer of the hemopoietie 
tissues that results in a high number of circulating WBCs. It, too, 
makes a person vulnerable to opportunistic infeetion, because even 
though the WBC count is high, these are immature WBCs ineapa- 
ble of performing their normal defensive roles—like having a large 
army of ehildren. Leukemia tends to lead to anemia and thrombo- 
eytopenia (see the next seetion) because stem eells are diverted 
into the rapid production of WBCs instead of RBCs and platelets. 

Platelet Disorders 

Thromboeytopenia, a platelet count less than 100,000/p.L, 
results from such causes as leukemia, radiation, or bone marrow 
poisoning. It results not only in impaired elotting when a vessel is 
injured, but also in inereased spontaneous bleeding because of a 
loss of the normal blood vessel maintenanee function of platelets. 

Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

17. What are the terms for an excess and a defieieney of RBCs? 

An excess and a defieieney of WBCs? 

18. What are the three basie eategories of anemia? 

19. In vvhat vvay are leukocytosis and leukemia alike? What is 

the differenee betvveen them? 

20. Deseribe some causes and effeets of thromboeytopenia. 
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D E E P E R 


I N S I G H T 



Sickle-Cell Disease 


Sickle-cell disease is a hereditary hemoglobin defeet occurring 
mostly among people of Afriean deseent; its symptoms occur in 
about 1.3% of Ameriean blaeks, and about 8.3% are asymptomatie 
earriers with the potential to pass it to their ehildren. The disease is 
caused by a defeetive gene that results in the substitution of valine 
for a glutamic aeid in eaeh beta hemoglobin ehain. The abnormal 
hemoglobin (HbS) turns to gel at low oxygen levels, as when blood 
passes through the oxygen-hungry skeletal muscles. The RBCs 
beeome elongated, stiffened, and pointed (siekle-shaped; fig 19.11). 
These deformed, inflexible eells eannot pass freely through the tiny 
blood eapillaries, and they tend to adhere to eaeh other and to the 
eapillary wall. Thus, they eongregate in the small blood vessels and 
bloekthe circulation. Obstmetion ofthe circulation produces severe 
pain and ean lead to kidney or heart failure, stroke, or paralysis, 
among many other effeets. The spleen removes defeetive RBCs 
faster than they ean be replaeed, thus leading to anemia and poor 
physieal and mental development of the individual. Without treat- 
ment, a ehild with siekle-eell disease has little ehanee of living to 
age 2, and even with the best treatment, few vietims live to age 50. 

Siekle-eell disease originated in areas of Afriea where mil- 
lions of lives are lost to malaria. Malarial parasites normally invade 
and reproduce in RBCs, but they eannot survive in RBCs with 
HbS hemoglobin. Thus the siekle-eell gene eonfers resistanee to 
malaria, even in individuals who are heterozygous for it (earry only 
one eopy of the gene) and do not have siekle-eell disease. The lives 
saved by HbS in Afriea far outnumber the deaths from siekle-eell 
disease, so natural seleetion favors the persistenee of the gene 
rather than its elimination. But in North Ameriea, where malaria is 
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Figure 19.11 Sickle-Cell Disease. The lower left RBC has beeome 
deformed into the pointed siekle shape diagnostie of this genetie disorder. 


rare, the prevalenee of the gene has deelined because there is little 
evolutionary benefit from possessing it and so many of those who 
do possess it die young, before reproducing. 



Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

19.1 Introduction (p. 520) 

1. The eomponents of the circulatory system 
and the distinetion between the circulatory 
system and cardiovascular system 

2. Functions of the circulatory system 

3. The proportion of formed elements to 
plasma in blood 

4. The seven major types of formed elements 

5. The eomposition of blood plasma 

6. The types and sources of plasma proteins 

19.2 Erythroeytes (p. 523) 

1. The functions, shape, and eontents of 
erythroeytes (RBCs) 


2. The functions of hemoglobin 

3. The meanings and typieal values, includ- 
ing units of measurement, of RBC count, 
hematoerit, and hemoglobin eoneentra- 
tion; and how men and women differ in 
these values 

4. The structure of hemoglobin and where 
oxygen and earbon dioxide bind to the 
molecule 

5. The meaning of hemopoiesis, and the 
organs and tissues in which it occurs both 
before and after birth 

6. The stages of erythropoiesis and the iden- 
tity of the hormone that stimulates this 
proeess 

7. The life span of an RBC 

8. ABO and Rh blood types; the ehemieal 
basis of differenees between ABO types; 


and the relevanee of blood types to transfu- 
sion and pregnaney 

19.3 Leukocytes (p. 527) 

1. The total number of leukocytes (WBCs) 
per mieroliter of blood 

2. How the internal structure of a WBC dif- 
fers from that of an RB C 

3. The general function of WBCs 

4. The distinetion between gramiloeytes and 
agranulocytes 

5. The three types of granulocytes, two types 
of agranulocytes, and how all five of these 
WBC types ean be visually reeognized in 
stained blood smears 

6. The primary function of neutrophils and 
their methods of earrying it out 

7. The functions of eosinophils 
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8. The two seeretions of basophils and the 
fimetion of eaeh seeretion 

9. The relationship of monoeytes to mae- 
rophages; the two prineipal fimetions of 
maerophages 

10. The general functions and the three major 
families of lymphoeytes 

11. The three major eell lines of leukopoiesis 

12. The roles of the red bone marrow and thy- 
mus in leukopoiesis 

13. The migrations and life span of various 
WBC types, and the fate of expired WBCs 


19.4 Piateiets (p. 532) 

1. The origin and structure of blood platelets, 
and why they are eonsidered formed ele- 
ments but not eells 

2. The diverse functions of platelets 

3. The proeess of thrombopoiesis 

4. The roles that platelets play in blood elot- 
ting and the disposal of old elots 

19.5 Clinical Perspeetives (p. 534) 

1. Ways in which the blood and hemopoietie 
system ehange in old age and some reasons 
for the ehanges 


2. The meaning of anemia; its three basie 
eategories; and its effeets 

3. The meaning of polyeythemia; its causes; 
and its effeets 

4. The meaning of lenkopenia; its causes; 
and its effeets 

5. The meaning and causes of leukocytosis 

6. The meaning of lenkemia; its effeets on 
infeetion resistanee; and its effeets on RBC 
and platelet counts 

7. The meaning, causes, and effeets of 
thromboeytopenia 


Testing Your Reeall 

1. Antibodies belong to a elass of plasma pro- 
teins ealled 

a. albumins. 

b. gamma globulins. 
e. alpha globulins. 

d. procoagulants. 

e. agglutinins. 

2. Semrn is blood plasma minus its 

a. sodium ions. 

b. calcium ions. 
e. fibrinogen. 

d. albumin. 

e. eells. 

3. The most abundant formed elements seen 
in most stained blood films are 

a. erythroeytes. 

b. neutrophils. 
e. lymphoeytes. 

d. platelets. 

e. monoeytes. 

4. Heparin and histamine are seereted by 

a. plasma eells. 

b. basophils. 

e. B lymphoeytes. 

d. platelets. 

e. neutrophils. 

5. _have a finely granular eytoplasm 

and a nucleus typieally divided into three 
to five lobes. 

a. Basophils 


b. Eosinophils 
e. Lymphoeytes 

d. Monoeytes 

e. Neutrophils 

6. Platelets have all of the following func- 
tions except 

a. coagulation. 

b. plugging broken blood vessels. 
e. stimulating vasoeonstrietion. 

d. transporting oxygen. 

e. reemiting neutrophils. 

7. Which of these is a gramiloeyte? 

a. a monoeyte 

b. a lymphoeyte 
e. a maerophage 

d. an eosinophil 

e. an erythroeyte 

8. Allergies stirmilate a rise in_count. 

a. erythroeyte 

b. platelet 

e. eosinophil 

d. monoeyte 

e. neutrophil 

9. Anemia is most likely to result from failure 
of which of these organs? 

a. the heart 

b. the hmgs 

e. the pituitary gland 

d. the kidneys 

e. the spleen 


10. Oxygen binds to the_of a hemoglo- 

bin molecule. 

a. valine 

b. Fe 

e. globin 

d. speetrin 

e. beta ehain 

11. Production of all the formed elements of 

blood is ealled_. 

12. The pereentage of blood volume eomposed 

of RBCs is ealled the_. 

13. Mieroglia and Kupffer eells are two kinds 

of_. 

14. An excessively low WBC count is ealled 


15. _is the fhiid that remains if all the 

formed elements and fibrinogen are 
removed from the blood. 

16. The overall eessation of bleeding, involv- 

ing several meehanisms, is ealled_. 

17. _results from a rmitation that ehanges 

one amino aeid in eaeh beta ehain of the 
hemoglobin molecule. 

18. An excessively high RBC count is ealled 


19. Platelets are produced by giant bone mar- 

row eells ealled_. 

20. The kidney hormone_stirmilates 

RBC production. 

Answers in appendix A 


Biiilding Your Medieal Vocabulary 


State a medieal meaning ofeaeh of the following 

3. -emia 

8. thrombo- 


word elements, and give a term in which it is used. 

4. -blast 

9. maero- 



5. erythro- 

10. -poiesis 


1. hemato- 

6. mega- 



2. leuko- 

7. myelo- 


Answers in appendix A 
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True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. By voliime, the blood usually eontains 
more plasma than blood eells. 

2. An inerease in the albiimin eoneentration 
of the blood tends to affeet blood pressure. 

3. Anemia is caused by a low oxygen eoneen- 
tration in the blood. 


Testing Your Comprehension 

1. Considering the quantity of hemoglobin 
in an erythroeyte and the oxygen-binding 
properties of hemoglobin, calculate how 
many molecules of oxygen one erythroeyte 
could earry. 

2. A patient is found to be seriously dehy- 
drated and to have an elevated RBC count. 
Does the RBC count neeessarily indieate 


4. The most important WBCs in eombating a 
baeterial infeetion are basophils. 

5. Platelets and erythroeytes laek nuclei. 

6. Lymphoeytes are the most abundant 
WBCs in the blood. 

7. Platelet count is often depressed in people 
with leukemia. 

8. All formed elements of the blood eome 
ultimately from hemopoietie stem eells. 


a disorder of erythropoiesis? Why or 
why not? 

3. Patients suffering from renal failure are 
typieally plaeed on hemodialysis and 
erythropoietin (EPO) replaeement therapy. 
Explain the reason for giving EPO, and 
prediet what the consequences would be of 
not including this in the treatment regimen. 


9. Sinee RBCs have no nuclei, they do not 
live as long as the granulocytes do. 

10. Leukemia is a severe defieieney of white 
blood eells. 

Answers in appendix A 


4. A leukemia patient exhibits minute hem- 
orrhagie spots (peteehiae) in her skin. 
Explain why leukemia could produce this 
effeet. 

5. Do you think platelets ean synthesize pro- 
teins? Why or why not? 
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part four Maintenanee 


W e are more conscious of our heart than we are of most 

organs, and more wary of its failure. Speculation about 
the heart is at least as old as written history. Some aneient 
Chinese, Egyptian, Greek, and Roman seholars eorreetly surmised 
that it was a pump for filling the vessels with blood. Aristotle’s views, 
however, were a step backward. Perhaps because the heart quick- 
ens its paee when we are emotionally aroused and because grief 
causes “heartaehe,” he thought it served primarily as the seat of 
emotion, but speculated that it might also be a source of heat to 
aid digestion. During the Middle Ages, Western medieal sehools 
clung dogmatieally to Aristotle’s ideas. In that era, perhaps the only 
signifieant advanee eame when thirteenth-century Arab physieian 
Ibn an-Nafis deseribed the role of the eoronary blood vessels in 
nourishing the heart. The sixteenth-century disseetions and ana- 
tomieal eharts of Vesalius, however, greatly improved knowledge 
of cardiovascular anatomy and set the stage for a more seientifie 
study of the heart and treatment of its disorders. 

In the early deeades of the twentieth century, little could be 
reeommended for heart disease other than bed rest. Then nitro- 
glyeerin was found to improve eoronary circulation and relieve 
the pain resulting from physieal exertion; digitalis proved effee- 
tive for treating abnormal heart rhythms; and diuretics were first 
used to reduce hypertension. In the last several deeades, such 
advanees as eoronary bypass surgery, elot-dissolving enzymes, 
valve replaeements, hearttransplants, artifieial paeemakers, and 
artifieial hearts have made eardiology one of the most dramatie 
and attention-getting fields of medieine. 



Overview of the 
Cardiovascular System 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. define and distinguish between the pulmonory and 
systemie circuits; 

b. deseribe the general loeation, size, and shape of the 
heart; and 

e. deseribe the perieardial sae that eneloses the heart. 


The cardiovascular system eonsists of the heart and blood vessels. 
The heart functions as a muscular pump that keeps blood flowing 
through the vessels. The vessels deliver the blood to all the body’s 
organs and then return it to the heart. This ehapter focuses on 
eardiology 1 —a field that embraees the study of the heart, elinieal 
evaluation of its function and disorders, and treatment of eardiae 
diseases. The blood vessels are discussed in ehapter 21. 

The Piilmonary and Systemie Circuits 

The cardiovascular system has two major divisions: a pulmonary 
circuit, which earries blood to the lungs for gas exchange and 
returns it to the heart, and a systemie circuit, which supplies blood 
to every organ of the body (fig. 20.1), including other parts of the 
lungs and the wall of the heart itself. 


^eardio = heart; logy = study 


0 2 -poor, 

C0 2 -rich 

blood 


0 2 -rich, 

C0 2 -poor 

blood 



Figure 20.1 General Sehematie of the Cardiovascular System. 


• Are the !ungs supplied by the pulmonary circuit , the systemie circuit, 



or both? Explain. 
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The Circulatory System II: The Heart 


The right half of the heart supplies the pulmonary circuit. It 
reeeives blood that has circulated through the body and pumps it 
into a large artery, the pulmonary trunk. From there, the oxygen- 
poor blood is distributed to the lungs, where it unloads earbon 
dioxide and pieks up a fresh load of oxygen. It then returns to the 
left side of the heart by way of the pulmonary veins (see fig. 20.3). 

The left half of the heart supplies the systemie circuit. It 
pumps blood into the body’s largest artery, the aorta. The aorta 
gives off branehes that ultimately deliver oxygen to every organ 
of the body and piek up their earbon dioxide and other wastes. 
After exchanging gases with the tissues, this blood returns to the 
heart by way of the body’s two largest veins—the superior vena 
eava, which drains the upper body, and the inferior vena eava, 
which drains everything below the diaphragm. The pulmonary 


trunk, pulmonary veins, aorta, and the two venae eavae are 
ealled the great vessels (great arteries and veins) because of 
their relatively large diameters. 

Position, Size, and Shape of the Heart 

The heart is loeated in the thoraeie eavity in the mediastinum, 
between the lungs and deep to the sternum. From its superior to 
inferior midpoints, it is tilted toward the left, so about two-thirds 
of the heart lies to the left of the median plane (ng. 20.2; see also 
fig. A.10, p. 340). The broad superior portion of the heart, ealled 
the base, is the point of attaehment for the great vessels deseribed 
previously. The inferior end tapers to a blunt point, the apex of the 
heart, immediately above the diaphragm (fig. 20.3). 
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Figure 20.2 Position of the Heart in the 

Thoraeie Cavity. (a) Relationship to the thoraeie 
eage. (b) Cross seetion of the thorax at the 
level of the heart. Structures have the same 
orientation as in the viewer’s body. (e) Frontal 
view of the thoraeie eavity with the lungs slightly 
retraeted and the perieardial sae opened. 

Does most ofthe heort lie to the right or left of 
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(a) Anteriorview 


Figure 20.3 Surface Anatomy of the 

Heart. The eoronary blood vessels on the heart 
surface are identified in figure 20.11. jAPlRj 
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(b) Posterior view 
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The adult heart weighs about 300 g (10 ounces) and measures 
about 9 cm (3.5 in.) wide at the base, 13 cm (5 in.) from base to apex, 
and 6 cm (2.5 in.) from anterior to posterior at its thiekest point. What- 
ever one’s body size, from ehild to adult, the heart is roughly the same 
size as the fist. 

The Pericardium 

The heart is enelosed in a double-walled sae ealled the pericardium. 
The outer wall, ealled the perieardial sae (parietal pericardium), 
has a tough, superficial fibrons layer of dense irregular eonnee- 
tive tissue and a deep, thin serous layer. The serous layer turns 
inward at the base of the heart and forms the epicardium (viseeral 
pericardium) of the heart surface (fig. 20.4), which is deseribed 
later in the discussion of the heart wall. The perieardial sae is an- 
ehored by ligaments to the diaphragm below and the sternum 
anterior to it, and more loosely anehored by fibrous eonneetive 
tissue to mediastinal tissue posterior to the heart. 

The spaee between the parietal and viseeral membranes is 
ealled the perieardial eavity (see figs. 20.2b and 20.4). The heart 
is not inside the perieardial eavity but enfolded by it. The relation- 
ship of the heart to the pericardium is often deseribed as resem- 
bling a fist pushed into an underinflated balloon (fig. 20.4c). The 
balloon surface in eontaet with the fist is like the epicardium; the 
outer balloon surface is like the perieardial sae; and the air spaee 
between them is like the perieardial eavity. 




Perieardial 

eavity 


Perieardial sae: 
Fibrous layer 

Serous layer 


Epicardium 


(b) 

Myocardium 
Endocardium 
Epicardium 

Perieardial sae 


Figure 20.4 The Pericardium and Heart Wall. (a) Frontal seetion of 
the heart showing the three layers of the heart wall and relationship to 
the pericardium. (b) Detail of the perieardial sae (parietal pericardium), 
epicardium (viseeral pericardium), and perieardial eavity between 
them. (e) A fist in a balloon shows, by analogy, how the double-walled 
pericardium wraps around the heart. APl R 


The perieardial eavity eontains only 5 to 30 mL of perieardial 
fluid, exuded by the serous layer of the perieardial sae. The fluid 
lubricates the membranes and allows the heart to beat with mini- 
mal frietion. In periearditis —inflammation of the pericardium— 
the membranes may beeome roughened and produce a painful 
frietion rub with eaeh heartbeat. In addition to reducing frietion, 
the pericardium isolates the heart from other thoraeie organs and 
anehors it within the thorax. It allows the heart room to expand, 
yet resists excessive expansion (see eardiae tamponade in Deeper 
Insight 1.2, p. 17). 


Before Yoii Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. Distinguish between the pulmonary and systemie circuits 
and state which part of the heart supplies eaeh one. 

2. Make a two-color sketeh of the pericardium, using one 
eolorforthe perieardial sae and anotherfor the epicardium. 
For the perieardial sae, label both the fibrous and serous 
layers. Show the relationship between the pericardium, 
perieardial eavity, and heart wall. 



Gross Anatomy 
of the Heart 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the three layers of the heart wall; 

b. identify the four ehambers of the heart; 

e. identify the surface features of the heart and eorrelate 
them with its internal four-chambered anatomy; 

d. identify the four valves of the heart; and 

e. traee the flow of blood through the ehambers and 
valves of the heart and the adjaeent blood vessels. 


The Heart Wall 

The heart wall eonsists of three layers—a thin epicardium eovering 
its external surface, a thiek muscular myocardium in the middle, and 
a thin endocardium lining the interior of the ehambers (fig. 20.4). 

The epicardium is a serous membrane on the heart surface. It 
eonsists mainly of a simple squamous epithelium overlying a thin layer 
of areolar tissue. In most plaees, it is as thin as tissue paper and is trans- 
lucent, so the muscle of the myocardium shows through (fig. 20.5 a). In 
some areas, it also includes a thiek layer of adipose tissue. The largest 
branehes of the eoronary blood vessels travel through the epicardium. 

The endocardium 3 lines the interior of the heart ehambers, eov- 
ers the valves, and is continuous with the inner lining ( endothelmm) 


2 epi = upon; eordi = heart 
3 endo = internal; eordi = heart 
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(a) Anterior view, external anatomy 
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(b) Posterior view, internal anatomy 


Figure 20.5 The Heart of a Human Oadaver. 



of the blood vessels. Like the epicardium, it is eomposed of a sim- 
ple squamous epithelium overlying a thin areolar tissue layer, but it 
has no adipose tissue. 

The myoeardiiim, 4 eomposed of eardiae muscle, lies between 
these two layers and eomposes most of the mass of the heart. It per- 
forms the work of the heart, and its thiekness varies aeeording to the 
workload on the individual ehambers. The eells of eardiae muscle 
are ealled eardiae myoeytes, or eardioeytes. They are grouped in 


4 myo = muscle; eardi = heart 


bundles that eoil around the heart in a spiral ealled the myoeardial 
vortex (fig. 20.6). This arrangement causes the heart to eontraet with 
a twisting or wringing motion that enhanees the ejeetion of blood. 

The heart also has a eonneetive tissue framework of eollag- 
enous and elastie fibers ealled the fibrous skeleton. This tissue is 
espeeially eoneentrated in the walls between the heart ehambers, 
in fibrous rings (anuli fibrosi) around the valves, and in sheets 
of tissue that intereonneet these rings (see fig. 20.8). The fibrous 
skeleton has multiple functions: (1) It provides structural support 
for the heart, espeeially around the valves and the openings of 







































Photo and lllustration by Roy Sehneider, llniversity of Toledo. Plastinated heart 
model for illustration courtesy of Dr. Carlos Baptista, Llniversity of Toledo 
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(b) 


Figure 20.6 The Myoeardial Vortex. (a) Anterior view of the heart 
with the epicardium rendered transparent to expose the bundles of 
myoeardial muscle. (b) View from the apex to show the way the muscle 
eoils around the heart. This results in a twisting motion when the 
ventrieles eontraet. 


the great vessels; it holds these orifiees open and prevents them 
from being excessively stretehed when blood surges through them. 
(2) It anehors the eardioeytes and gives them something to pull 
against. (3) As a nonconductor of eleetrieity, it serves as eleetrieal 
insulation between the atria and the ventrieles, so the atria ean- 
not stimulate the ventrieles direetly. This insulation is important 
in the timing and eoordination of eleetrieal and eontraetile aetiv- 
ity. (4) Some authorities think (though others disagree) that elastie 
reeoil of the fibrous skeleton may aid in refilling the heart with 
blood after eaeh beat, like the rnbber bulb of a turkey baster that 
expands when you relax your grip. 


Apply What You Know 

Parts of the fibrous skeleton sometimes beeome ealeified in old 
age. How would you expect this to affeet eardiae function? 


The Chambers 

The heart has four ehambers, best seen in frontal seetion (fig. 20.7). 
The two at the superior pole (base) of the heart are the right and 
left atria (AY-tree-uh; singular, atrium 5 ). They are thin-walled 
reeeiving ehambers for blood returning to the heart by way of the 
great veins. Most of the mass of eaeh atrium is on the posterior 
side of the heart, so only a small portion is visible from an anterior 

5 atrio = entryway 


view. Here, eaeh atrium has a small earlike extension ealled an 
auricle 6 that slightly inereases its volume. 

The two inferior heart ehambers, the right and left ventrieles, 7 
are the pumps that ejeet blood into the arteries and keep it flow- 
ing around the body. The right ventriele constitutes most of the 
anterior portion of the heart, and the left ventriele forms the apex 
and inferoposterior portion. 

On the surface, the boundaries of the four ehambers are 
marked by three sulci (grooves), which are largely filled with 
fat and the eoronary blood vessels (fig. 20.5a). The eoronary 8 
(atrioventricular) sulcus eneireles the heart near the base 
and separates the atria above from the ventrieles below. It ean 
be exposed by lifting the margins of the atria. The other two 
sulci extend obliquely down the heart from the eoronary sulcus 
to the apex—one on the front of the heart ealled the anterior 
interventricular sulcus and one on the baek ealled the posterior 
interventricular sulcus. These sulci overlie an internal wall, the 
interventricular septum, that divides the right ventriele from the 
left. The eoronary sulcus and two interventricular sulci harbor 
the largest of the eoronary blood vessels. 

The atria exhibit thin flaeeid walls eorresponding to their light 
workload—all they do is pump blood into the ventrieles immedi- 
ately below. They are separated from eaeh other by a wall ealled 
the interatrial septum. The right atrium and both auricles exhibit 
internal ridges of myocardium ealled peetinate 9 muscles. The 
interventricular septum is a much more muscular, vertieal wall 
between the ventrieles. 

The right ventriele pumps blood only to the lungs and baek to the 
left atrium, so its wall is only moderately muscular. The wall of the left 
ventriele is two to four times as thiek because it bears the greatest work- 
load of all four ehambers, pumping blood through the entire body. 

Both ventrieles exhibit internal ridges ealled trabeculae 
earneae 10 (trah-BEC-you-lee CAR-nee-ee). It is thought that these 
ridges may serve to keep the ventricular walls from elinging to eaeh 
other like suction cups when the heart eontraets, and thus allow the 
ehambers to expand more easily when they refill. If you wet your 
hands, press your palms firmly together, then pull them apart, you 
ean appreeiate how smooth wet surfaces eling to eaeh other and how, 
without trabeculae, the heart walls might also do so. 

The Valves 

To pump blood effeetively, the heart needs valves that ensure 
a predominantly one-way flow. There is a valve between eaeh 
atrium and the eorresponding ventriele and another at the exit 
from eaeh ventriele into its great artery (fig. 20.7), but there are 
no valves where the great veins empty into the atria. Eaeh valve 
eonsists of two or three fibrous flaps of tissue ealled cusps or 
leaflets, eovered with endocardium. 

The atrioventricular (AV) valves regulate the openings 
between the atria and ventrieles (fig. 20.8). The right AV valve 


6 auricle = little ear 

7 ventr = belly, lower part; iele = little 

8 coron = crown; ory = pertaining to 

9 pectin = eomb; ote = like 

^trobee = beam; ulo = little; eorne = flesh, meat 
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Figure 20.7 Internal Anatomy of the Heart (Anterior View). 

• Do the otriol peetinote muscles more neorly resemble the ventriculor popillory muscles or the trobeculoe eorneoe? 



has three cusps and is therefore also ealled the tricuspid 
valve. The left AV valve is also known as the mitral (MY-tml) valve 
after its resemblanee to a miter, the headdress of a church bishop. 
It was also formerly ealled the bicuspid valve, but this term has 
fallen out of use. It eame from an early nineteenth-century mis- 
eoneeption that it has only two cusps, but eloser examination 
shows it to have small aeeessory cusps between the two main ones. 

Stringy tendinous eords (ehordae tendineae), reminiseent 
of the shroud lines of a parachute, eonneet the valve cusps to 
eonieal papillary muscles on the floor of the ventriele. The pap- 
illary muscles do not help the valves open. Rather, they eontraet 
along with the rest of the ventricular myocardium and tug on 
the tendinous eords. This prevents the AV valves from bulging 
excessively into the atria or flipping inside out like windblown 
umbrellas. Excessive bulging due to slaek tendinous eords is 
ealled valvular prolapse (see table 20.1). Eaeh papillary muscle 
has two or three basal attaehments to the ehamber floor. These 
multiple attaehments may govern the timing of eleetrieal excita- 
tion of the papillary muscles, and they may distribute meehanieal 


stress in a way similar to the weight of the Eiffel Tower supported 
on its four legs. The multiple attaehments may also provide some 
redundancy that proteets an AV valve from total meehanieal fail- 
ure should one attaehment fail. 

The semilunar n valves (pulmonary and aortie valves) regulate 
the flow of blood from the ventrieles into the great arteries. The 
pulmonary valve eontrols the opening from the right ventriele into 
the pulmonary trunk, and the aortie valve eontrols the opening 
from the left ventriele into the aorta. Eaeh has three cusps shaped 
like shirt poekets. When blood is ejeeted from the ventrieles, it 
pushes through these valves from below and presses their cusps 
against the arterial walls. When the ventrieles relax and expand, 
arterial blood flows backward toward the ventrieles, but quickly 
fills the cusps. The inflated poekets meet at the eenter and quickly 
seal the opening, so little blood is able to return to the ventrieles. 
Because of the way these cusps are attaehed to the arterial wall, 


n semi = half; lun = moon; or = like 
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Figure 20.8 The Heart Valves. (a) Superior view of the heart 
with the atria removed. (b) The aortie valve, superior view, showing 
the three cusps meeting like a Y. One cusp is darkened by a blood 
elot. (e) Papillary muscle and tendinous eords seen from within the 
right ventriele. The upper ends of the eords are attaehed to the 
cusps ofthe right AV valve. 



they eannot prolapse any more than a shirt poeket turns inside out 
if you jam your hand into it. Thus, they do not require or possess 
tendinous eords. 

Heart valves do not open and elose by any muscular effort 
of their own. The cusps are simply pushed open and elosed by 
ehanges in blood pressure (fig. 20.9). When the ventrieles are 
relaxed and their pressure is low, the AV valve cusps hang down 
limply and both AV valves are open. Blood flows freely from 
the atria through the valves and into the ventrieles below. When 
the ventrieles have filled with blood, they begin to eontraet 
and foree blood upward against the underside of these valves. 


This pushes the valve cusps together and eloses the openings, so 
the blood is not simply squirted baek into the atria. A moment 
later, the rising pressure in the ventrieles forees the pulmonary 
and aortie valves open, and blood is ejeeted from the heart. 

Blood Flow Through the Chambers 

Until the sixteenth century, anatomists thought that blood flowed 
direetly from the right ventriele to the left through invisible pores 
in the septum. This is ineorreet; blood in the right and left eham- 
bers of the heart is kept entirely separate. Figure 20.10 shows the 


© Biophoto Assoeiates/Seienee Source 
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Atrioventricular 

valve 
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Figure 20.9 Operation of the 

Heart Valves. (a) The atrioventricular 
valves. When atrial pressure is 
greater than ventricular pressure, 
the valve opens and blood flovvs 
through. When ventricular pressure 
rises above atrial pressure, the blood 
in the ventriele pushes the valve 
cusps elosed. (b) The semilunar 
valves. When the pressure in the 
ventriele is greater than the pressure 
in the artery, the valve is foreed 
open and blood is ejeeted. When 
ventricular pressure is lovver than 
arterial pressure, arterial blood holds 
the valve elosed. 

• Whot role do the tendinoos eords 
ploy? 



Atrioventrieiilar valves open 


Atrioventricular valves elosed 



Aorta 


Pulmonary 

artery 


Semilunar 

valve 



Semilunar valves open 

(b) 


pathway of the blood as it travels from the right atrium through the 
body and baek to the starting point. 

Blood that has been through the systemie circuit arrives at the 
right atrium by way of the superior and inferior venae eavae. It 
flows direetly from the right atrium, through the right AV valve, 
into the right ventriele. When the right ventriele eontraets, it 
ejeets this blood through the pulmonary valve into the pulmo- 
nary trunk, on its way to the lungs to exchange earbon dioxide 
for oxygen. 

Blood returns from the lungs by way of two pulmonary veins 
on the left and two on the right; all four of these empty into the left 
atrium. Blood flows through the left AV (mitral) valve into the left 
ventriele. Contraction of the left ventriele ejeets this blood through 


Semilunar valves elosed 


the aortie valve into the aseending aorta, on its way to another trip 
around the systemie circuit. 

Before You Go On 

- • 

Ansvver the follovvíng questions to testyour understonding ofthe 

preeeding seetion: 

3. Name the three layers of the heart and deseribe their struc- 
tural differenees. 

4. What are the functions of the fibrous skeleton? 

5. Traee the flovv of blood through the heart, naming eaeh 
ehamber and valve in order. 
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(T)Blood enters right atrium from superior 
and inferior venae eavae. 

©Blood in right atrium flows through right 
AV valve into right ventriele. 

(3) Contraction of right ventriele forees 
pulmonary valve open. 

(4) Blood flows through pulmonary valve 
into pulmonary trunk. 

@Blood is distributed by right and left 
pulmonary arteries to the lungs, where it 
unloads C0 2 and loads 0 2 . 

©Blood returns from lungs via pulmonary 
veins to left atrium. 

©Blood in left atrium flows through left AV 
valve into left ventriele. 

@Contraction of left ventriele (simultaneous with 
step(3)) forees aortie valve open. 

@Blood flows through aortie valve into 
aseending aorta. 

(10)Blood in aorta is distributed to every organ in 
the body, where it unloads 0 2 and loads C0 2 . 

@Blood returns to right atrium via venae eavae. 


Figure 20.10 The Pathvvay of Blood Flow Through the Heart. The pathway from 4 to 6 is the pulmonary circuit, and the pathway from 9 to 11 is 
the systemie circuit. Violet arrows indieate oxygen-poor blood, and orange arrows indieate oxygen-rich blood. ap:r 


à 


20.3 


^Coronary 


Circulation 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the arteries that nourish the myocardium and 
the veins that drain it; and 

b. define myoeardial infaretion and relate it to the 
eoronary arteries. 


If your heart lasts for 80 years and beats an average of 75 times 
a minute, it will beat more than 3 billion times and pump more 
than 200 million liters of blood. It is, in short, a remarkably hard- 
working organ, and understandably, it needs an abundant supply of 
oxygen and nutrients. These needs are not met to any appreeiable 
extent by the blood in the ehambers, because the diffusion of sub- 
stanees from there through the myocardium would be too slow. 
Instead, the myocardium has its own supply of arteries and eapil- 
laries that deliver blood to every eardioeyte. The blood vessels of 
the heart wall constitute the eoronary circulation. 


At rest, the eoronary blood vessels supply the myocardium with 
about 250 mL of blood per minute. This constitutes about 5% of 
the circulating blood going to meet the metabolie needs of the heart 
alone, even though the heart is only 0.5% of the body’s weight. It 
reeeives 10 times its “fair share” to sustain its strenuous workload. 


Arterial Supply 

The eoronary circulation is the most variable aspeet of eardiae 
anatomy. The following deseription eovers only the pattern seen 
in about 70% to 85% of persons, and only the few largest vessels 
(eompare the great density of small vessels seen in fig. 20.1 le). 

Immediately after the aorta leaves the left ventriele, it gives off 
a right and left eoronary artery. The orifiees of these two arteries 
lie deep in the poekets formed by two of the aortie valve cusps (see 
fig. 20.8a). The left eoronary artery (LCA) travels through 
the eoronary sulcus under the left auricle and divides into two 
branehes (fig. 20.11): 

1 . The anterior interventricular braneh travels down the 
anterior interventricular sulcus to the apex, rounds the bend, 
and travels a short distanee up the posterior side of the heart. 
There it joins the posterior interventricular braneh deseribed 
shortly. Clinically, it is also ealled the left anterior deseending 





























550 


part four Maintenanee 


Right 
eoronary 
artery 
(RCA) 


Small 
eardiae 
vein 


Right 
marginal 
braneh 
of RCA 



Left eoronary 
artery (LCA) 

Left auricle 
(refleeted) 

Circumflex 
braneh 
of LCA 

Great eardiae 
vein 

Anterior 
interventricular 
braneh of LCA 


(a) Anterior view 


Great eardiae 
vein 


Circumflex 
braneh of 
LCA 


Coronary 

sinus 


Left marginal 
braneh of 
LCA 

Left marginal 
vein 



Right eoronary 
artery (RCA) 

Right marginal 
braneh of RCA 

Posterior 
interventricular 
braneh of RCA 

Posterior 

interventricular 

vein 


(b) Posterior view 



Figure 20.11 The Prineipal Coronary Blood Vessels. (a) Anterior view. 
(b) Posterior view. (e) A polymer east of the eoronary circulation. APIR 


(LAD) braneh. This artery supplies blood to both ventrieles 
and the anterior two-thirds of the interventricular septum. 

2. The circumflex braneh continues around the left side of 
the heart in the eoronary sulcus. It gives off a left marginal 
braneh that passes down the left margin of the heart 
and furnishes blood to the left ventriele. The circumflex 
braneh then ends on the posterior side of the heart, where it 
supplies blood to the left atrium and posterior wall of the left 
ventriele. 

The right eoronary artery (RCA) supplies the right atrium and 
sinoatrial node (paeemaker), then continues along the eoronary sul- 
cus under the right auricle and gives off two branehes of its own: 

1 . The right marginal braneh mns toward the apex of the heart 
and supplies the lateral aspeet of the right atrium and ventriele. 


2. The RCA continues around the right margin of the heart to 
the posterior side, sends a small braneh to the atrioventricular 
node, then gives off a large posterior interventricular 
braneh. This braneh travels down the eorresponding sulcus 
and supplies the posterior walls of both ventrieles as well as 
the posterior portion of the interventricular septum. It ends by 
joining the anterior interventricular braneh of the LCA. 

The energy demand of the eardiae muscle is so eritieal that an 
intermption of the blood supply to any part of the myocardium 
ean cause neerosis within minutes. A fatty deposit or blood elot 
in a eoronary artery ean produce a myoeardial infaretion 12 (MI), 
the sudden death of a pateh of tissue deprived of its blood flow 


u infarct = to stuff 
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DEEPER INSIGHT 



Coronary Artery Disease 

Ooronory ortery diseose (CAD) is a narrovving of the eoronary arter- 
ies resulting in insufficient blood flovv to maintain the myocardium. 
It is usually caused by otheroselerosis, a vascular disorder in vvhieh 
fatty deposits form in an arterial vvall, causing arterial degeneration 
and obstructed blood flovv. The atheroselerotie ploque (otheromo) 
is eomposed of lipids, smooth muscle, and scartissue, and may pro- 
gress to a ealeified eomplieotedploque, causing the arterial vvalls to 
beeome rigid. Myoeordiol inforetion (heart attaek) ean occur vvhen 
the artery beeomes so occluded that eardiae muscle begins to die 
from laek of oxygen. Partial obstruction of an artery ean cause a tem- 
porary sense of heaviness and ehest pain ealled ongino peetoris 
vvhen the artery eonstriets. 

There are multiple vvays in vvhieh an atheroma ean lead to heart 
attaek. The atheroma itself may bloek so much of the artery that 
blood flovv is insufficient to support the eardiae muscle (fig. 20.12), 
espeeially during exercise vvhen the metabolie need of the myo- 
cardium inereases sharply. Platelets often adhere to atheromas 
and produce blood elots. If the vessel spaee (lumen) is already 
largely elosed off by the atheroma, a blood elot may finish the job. 
Furthermore, a elot ean break free from the atheroma and bloek a 
smaller eoronary artery dovvnstream. 



(a) Lumen Artery wall 


Figure 20.12 Coronary Atheroselerosis. (a) Cross seetion 

of a healthy artery. (b) Cross seetion of an artery with advaneed 
atheroselerosis. Most of the original lumen is obstmeted by a plaque 
eomposed of ealeified sear tissue. The lumen is reduced to a small 
spaee that ean easily be bloeked by a stationary or traveling blood 
elot or by vasoeonstrietion. (e) Coronary arteriogram showing 60% 
obstruction of the anterior interventricular artery (arrow). 
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(b) 


Lumen Complicated plaque 


Artery wall 



(see Deeper Insight 20.1). Some proteetion from MI is provided by 
several arterial anastomoses (ah-NASS-tih-MO-seez), points 
where two arteries eome together and eombine their blood flow 
to points farther downstream. Anastomoses provide an alternative 
route, ealled eollateral circulation, that ean supply the heart tissue 
with blood if the primary route beeomes obstmeted. 


In most organs, blood flow peaks when the ventrieles eontraet 
and ejeet blood into the arteries, and diminishes when the ventri- 
eles relax and refill. The opposite is true in the eoronary arteries: 
Flow peaks when the heart relaxes. There are three reasons for this. 
(1) Contraction of the myocardium eompresses the eoronary arter- 
ies and obstmets blood flow. (2) When the ventrieles eontraet, the 


© Custom Medieal Stoek Photo/Newscom © Ed Resehke/Getty Images 
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aortie valve is foreed open and the valve cusps eover the openings 
to the eoronary arteries, bloeking blood from flowing into them. 
(3) When they relax, blood in the aorta briefly surges baek 
toward the heart. It fills the aortie valve cusps and some of it 
flows into the eoronary arteries, like water pouring into a bucket 
and flowing out through a hole in the bottom. In the eoronary 
blood vessels, therefore, blood flow inereases during ventricular 
relaxation. 

Venous Drainage 

Venous drainage refers to the route by which blood leaves an 
organ. After flowing through eapillaries of the heart wall, about 
20% of the eoronary blood empties direetly from multiple small 
thebesian 13 veins into the heart ehambers, espeeially the right ven- 
triele. The other 80% returns to the right atrium by the following 
route (fig. 20.11): 

• The great eardiae vein eolleets blood from the anterior 
aspeet of the heart and travels alongside the anterior inter- 
ventricular artery. It earries blood from the apex of the heart 
toward the eoronary sulcus, then ares around the left side 

of the heart and empties into the eoronary sinus deseribed 
below. 

• The posterior interventricular (middle eardiae) vein, found 
in the posterior interventricular sulcus, eolleets blood from the 
posterior aspeet of the heart. It, too, earries blood from the apex 
upward and drains into the same sinus. 

• The left marginal vein travels from a point near the apex of 
the heart up the left margin and empties into the eoronary 
sinus. 

• The eoronary sinus, a large transverse vein in the eoronary 
sulcus on the posterior side of the heart, eolleets blood from 
all three of the aforementioned veins as well as some smaller 
ones. It empties blood into the right atrium. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

6. What are the two prineipal branehes of the left eoronary 
artery? Where are they loeated on the heart surface? What 
are the branehes of the right eoronary artery, and where 
are they loeated? 

7. What is the medieal signifieanee of anastomoses in the 
eoronary arterial system? 

8. Why do the eoronary arteries earry a greater blood flow 
during ventricular relaxation than they do during ventricular 
eontraetion? 

9. What are the three major veins that empty into the eoro- 
nary sinus? 




The Cardiac Conduction 
System and Cardiac 
Muscle 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the heart’s eleetrieal conduction system; 

b. eontrast the structure of eardiae and skeletal muscle; and 
e. deseribe the types and signifieanee of intercellular 

junctions between eardiae muscle eells. 


The most obvious physiologieal faet about the heart is that it is 
autorhythmic. 14 It spontaneously eontraets at regular intervals, typ- 
ieally about 75 beats per minute (bpm) in a resting adult. Among 
invertebrates such as elams, erabs, and inseets, eaeh heartbeat is 
triggered by a paeemaker in the nervous system. In vertebrates 
such as ourselves, however, the signal that triggers eaeh heartbeat 
originates within the heart itself. Indeed, we ean sever the nerves 
to the heart, remove it from the body and keep it in aerated saline, 
and it will beat for hours. Cut it into little pieees, and eaeh pieee 
continues its own rhythmie pulsations. Thus, it obviously doesn’t 
depend on the nervous system for its rhythm. The heart has its own 
paeemaker and eleetrieal conduction system, and it is to this that 
we now turn our attention. 

The Conduction System 

Some eardioeytes have lost the ability to eontraet and are speeial- 
ized, instead, for generating and conducting eleetrieal signals. 
These eells constitute the eardiae conduction system, which eon- 
trols the route and timing of stimulation to ensure that the four 
heart ehambers are eoordinated with eaeh other. Eleetrieal signals 
arise and travel through the conduction system in the following 
order (fig. 20.13). 

The sinoatrial (SA) node, a pateh of modified eardioeytes 
in the right atrium, just under the epicardium near the 
superior vena eava. This is the paeemaker that initiates 
eaeh heartbeat and determines the heart rate. 

Signals from the SA node spread throughout the atria, as 
shown by the red arrows in the figure. 

The atrioventricular (AV) node, loeated at the lower end 
of the interatrial septum near the right AV valve. This node 
aets as an eleetrieal gateway to the ventrieles. All eleetrieal 
signals traveling to the ventrieles must pass through the AV 
node because the fibrous skeleton aets as an insulator that 
prevents currents from traveling to the ventrieles by any 
other route. 





13 Adam Christian Thebesius (1686-1732), German physieian 


n outo = self 
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(T)SA node fires. 

@ Excitation spreads through 
atrial rmyocardium. 

(3) AV node fires. 

(4) Excitation spreads down AV 
bundle. 

(5) Purkinje fibers distribute 
excitation through 
ventricular myocardium. 


Figure 20.13 The Cardiac Conduction System. Eleetrieal signals travel along the pathways indieated by the arrows. 
• Which atrium is the first to reeeive the signal that induces atrial eontraetion? 



The atrioventricular (AV) bimdle (bundle of His 15 ), a 

eord of modified eardioeytes by which signals leave the 
AV node. The bundle soon forks into right and left bundle 
branehes, which enter the interventricular septum and 
deseend toward the apex of the heart. 



Purkinje 16 (pur-KIN-jee) fibers, nervelike proeesses that 
arise from the lower end of the bundle branehes and turn 
upward to spread throughout the ventricular myocardium. 
Purkinje fibers distribute the eleetrieal excitation to the 
eardioeytes of the ventrieles. They form a more elaborate 
network in the left ventriele than in the right. 


After we examine the structure of eardiae muscle, we will see how 
this conduction system relates to the heart’s eyele of eontraetion 
and relaxation. 


slightly branehed, like a log with notehes in the end. Through its 
multiple end branehes, eaeh eardioeyte eontaets several other eells, 
so eolleetively they form a network throughout a heart ehamber. 
A eardioeyte usually has only one, eentrally plaeed nucleus, often 
surrounded by a mass of the energy-storage earbohydrate, glyeo- 
gen. The sareoplasmie reticulum is less developed than in skeletal 
muscle; it laeks terminal eisternae, although it does have footlike 
saes assoeiated with the T tubules. The T tubules are much larger 
than in skeletal muscle. During excitation of the eell, they admit 
calcium ions from the extracellular fluid to aetivate muscle eon- 
traetion. Cardiocytes have espeeially large mitoehondria, which 
make up about 25% of the eell volume, eompared to skeletal mus- 
ele mitoehondria, which are much smaller and eomprise only 2% 
of the eell volume. 


Structure of Cardiac Muscle 

The traveling eleetrieal signal does not end with the Purkinje 
fibers, and Purkinje fibers do not reaeh every eardioeyte. Rather, 
the eardioeytes pass the signal from eell to eell. This is something 
that skeletal muscle eannot do, so to understand how the heartbeat 
is eoordinated, one must understand the mieroseopie anatomy of 
eardioeytes and how they differ from skeletal muscle fibers. 

Cardiac muscle is striated like skeletal muscle but otherwise 
differs from it in many structural and physiologieal ways. Car- 
dioeytes are relatively short, thiek eells, typieally 50 to 100 pm 
long and 10 to 20 pm wide (fig. 20.14). The ends of the eell are 


15 Wilhelm His, Jr. (1863-1934), German physiologist 
16 Johannes E. Purkinje (1787-1869), Bohemian physiologist 



Heart Bloek 

Heartbloek is a eondition in which eleetrieal signals eannottravel nor- 
mally through the eardiae conduction system because of disease and 
degeneration of the conduction system fìbers. A bundle braneh bloek 
exists when one or both of the atrioventricular bundle branehes are 
diseased. Total heart bloek results from disease of the AV node. 
Heart bloek is one of the causes of eardiae arrhythmia, an irregularity 
in the heartbeat (see fig. 20.15c). In total heart bloek, signals from the 
SA node stop at the diseased AV node and eannot reaeh the ven- 
tricular myocardium. The ventrieles then beat at their intrinsie rhythm 
of about 20 to 40 bpm, out of synehrony with the atria and at a rate 
too slow to sustain life for very long. 
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Apply What You Know 

Why should mitoehondria be larger and more abundant in 
eardiae muscle than in skeletal muscle? 


Cardiocytes are joined end to end by thiek eonneetions 
ealled interealated (in-TUR-ku-LAY-ted) dises, which appear 
as dark lines (thieker than the striations) in properly stained tis- 
sue seetions. An interealated dise is a complex steplike structure 
(fig. 20.14c) with three distinetive features not found in skeletal 
muscle: 


(a) 


Striated myofibril 


Glyeogen Nucleus Mitoehondria 


interealated 

dises 



(b) 


lntercellular spaee 
Desmosome 
Faseia adherens 
Gap junctions 



1 . Interdigitating folds. The plasma membrane at the end of the 
eell is folded somewhat like the bottom of an egg earton. The 
folds of adjoining eells interloek with eaeh other and inerease 
the surface area of intercellular eontaet. 

2. Meehanieal junctions. The eells are tightly joined by two 
types of meehanieal junctions—the faseia adherens and 
desmosomes. The faseia adherens 17 (FASH-ee-ah ad-HEER- 
enz) is the most extensive. It is a broad band in which the 
aetin of the thin myofilaments is anehored to the plasma 
membrane, and eaeh eell is linked to the next by way of 
transmembrane proteins. Thus, the moving myofilaments of a 
eontraeting eell pull indireetly on the neighboring eells. The 
faseia adherens is intermpted here and there by desmosomes. 
Deseribed in more detail on page 38, desmosomes are patehes 
of meehanieal linkage between eells. They prevent the 
eontraeting eardioeytes from pulling apart. 

3. Eleetrieal junctions. The interealated dises also eontain 
gap junctions, which form ehannels that allow ions to 
flow from the eytoplasm of one eell direetly into the next 
(see p. 40 for their structure). These junctions enable eaeh 
eardioeyte to eleetrieally stimulate its neighbors. Thus, the 
entire myocardium of the two atria behaves almost as if it 
were a single eell, as does the entire myocardium of the two 
ventrieles. This unified aetion is essential for the effeetive 
pumping of a heart ehamber. 

Skeletal muscle eontains satellite eells that ean divide and 
replaee dead muscle fibers to some extent. Cardiac muscle laeks 
satellite eells, however, so the repair of damaged eardiae muscle is 
almost entirely by fibrosis (searring). A limited eapaeity for myo- 
eardial mitosis and regeneration was diseovered in 2001, raising 
some hope that this might one day be elinieally enhaneed to repair 
hearts damaged by myoeardial infaretion. 

Nerve Supply to the Heart 


(e) 

Figure 20.14 Cardiac Muscle. (a) Light mierograph. (b) Structure of 
a eardioeyte (red) and its relationship to adjaeent eardioeytes. At eaeh 
end, a eardioeyte is typieally linked to two or more neighboring eells 
through the meehanieal and eleetrieal junctions of their interealated 
dises. (e) Structure of an interealated dise. 

• Which eomponent ofthe intereoloted dise ollovvs o eordioeyte to 
eleetrieolly excite the neighboring eordioeytes? 


Even though the heart has its own paeemaker, it also reeeives 
both sympathetie and parasympathetie nerves. They do not aeti- 
vate the heartbeat, but modify its rate and eontraetion strength. 
Sympathetie nerves ean raise the heart rate to as high as 230 bpm, 
whereas parasympathetie nerves ean reduce it to as low as 20 bpm 
or even stop the heart for a few seeonds. 


v foscio = band; odherens = adhering 
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The sympathetie pathway to the heart originates with neurons 
in the lower eervieal to upper thoraeie spinal eord. Efferent fibers 
from these neurons pass from the spinal eord to the sympathetie 
ehain and travel up the ehain to the three eervieal ganglia. Cardiac 
nerves arise from the eervieal ganglia, pass through a nerve web 
ealled the eardiae plexus, then continue to the ventricular myoear- 
dium (see fig. 16.4, p. 447). Stimulation by these nerves inereases 
the foree of ventricular eontraetion. Some fibers, however, inner- 
vate the atria and eoronary arteries. 

The parasympathetie pathway to the heart is through the vagus 
nerves. The right vagus nerve innervates mainly the SA node, and 
the left vagus nerve innervates mainly the AV node, although there 
is some eross-innervation from eaeh nerve to both nodes. The 
ventrieles reeeive little or no vagal stimulation. The vagus nerves 
slow the heartbeat. Without this infhienee, the SA node would pro- 
duce an average resting heart rate of about 100 bpm, but steady 


background firing of the vagus nerves (vagal tone) normally holds 
the resting rate down to about 70 to 80 bpm. 


The Cardiac Cycle 

The foregoing anatomy should acquire more meaning if you ean 
relate it to the eardiae eyele —one eomplete eyele of eontraetion 
and relaxation. This will show how the structures of the heart work 
together to aehieve blood circulation. 

The eleetrieal events of the eardiae eyele ean be reeorded with 
skin eleetrodes as an eleetroeardiogram (ECG) (see Deeper 
Insight 20.3 and fig. 20.15). Eleetrieal excitation of a heart eham- 
ber induces eontraetion, or systole (SlS-toe-lee), which expels 
blood from the ehamber. The relaxation of any ehamber is ealled 
diastole (dy-ASS-toe-lee) and allows the ehamber to refill. 


DEEPER INSIGHT 


The Eleetroeardiogram 



Next to listening to the heart sounds with a stethoseope (aus- 
cultation), the most eommon elinieal method of evaluating heart 
function is the eleetroeardiogram (ECG or EkG 18 )—reeording the 
eleetrieal aetivity of the heart by means of eleetrodes applied to 
the skin. As the myocardium of the atria and ventrieles eleetrieally 
diseharges (depolarizes) and reeharges (repolarizes), it gener- 
ates eleetrieal currents that are conducted by eleetrolytes in the 
body fluids to the skin surface. Here the aetivity ean be reeorded 
as small voltage ehanges that show as upward and downward 
defleetions of the ECG (fig. 20.15a). 

Three major events are seen in the ECG, named the P wave, 
the QRS complex, and the T wave. (The letters were arbitrarily 
ehosen; they do not stand for any words.) Eaeh wave and interval 
between waves is eorrelated with events of the eardiae eyele as 
deseribed in the main text. The QRS complex is the largest wave 
because it is produced mainly by depolarization of the ventrieles, 
which constitute the largest muscle mass of the heart and gener- 
ate the greatest eleetrieal current. 

Irregularities in the ECG helpto diagnose disorders of eardiae 
function. In ventricular fibrillation (fig. 20.15b), the ECG exhibits 
random oseillations eorrelated with the uncoordinated ventricu- 
lar squirming of a heart attaek. In heart bloek (fig. 20.15c), some 
P waves are not followed by the usual QRS complex (see Testing 
Your Comprehension question 4, p. 562). Eleetrolyte imbalanees, 
hormone imbalanees, and many other disorders ereate telltale 
signs in other irregularities of the ECG. 




P P P P 



(e) Heart bloek 


Figure 20.15 The Eleetroeardiogram. (a) A normal ECG, 

showing the P wave, QRS complex, and T wave. (b) The abnormal 
ECG of ventricular fibrillation, with irregular eleetrieal aetivity 
and squirming, uncoordinated eontraetions of the ventricular 
myocardium. This sort of ECG is typieal of a heart attaek. (e) The 
abnormal ECG of a heart bloek (see Deeper Insight 20.2). 


18 from the German spelling, Elektrokardiogramm 
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Figure 20.16 shows how the eleetrieal and eontraetile aetivity of 
the heart relate to eaeh other through the eardiae eyele. 


V) Initially, all four ehambers are relaxed, in diastole. The AV 
valves are open, and as blood flows into the heart from the 
venae eavae and pulmonary veins, it flows through these 
valves and partially fills the ventrieles. 

2^) The sinoatrial (SA) node fires, exciting the atrial 

myocardium (see fig. 20.13), producing the P wave of the 
ECG and initiating atrial systole. The eontraeting atria 
finish filling the ventrieles. 

3^) The atrioventricular (AV) node fires and eleetrieal 

excitation spreads down the AV bundle, bundle branehes, 
and Purkinje fibers and throughout the ventrieles. 
Ventricular depolarization generates the QRS complex. 

This excitation sets off ventricular systole while the atria 
relax. Ventricular eontraetion forees the AV valves shut 
and the semihinar (aortie and pulmonary) valves open. The 
ventrieles ejeet blood into the aorta and pulmonary trunk. 

í) The ventrieles repolarize (marked by the T wave) and relax; 
all four ehambers are again in diastole. The semilunar 
valves reelose because of baek pressure in the large arteries, 
the AV valves reopen, and the ventrieles begin to refill in 
preparation for the next eyele. 


This entire eyele repeats itself at intervals normally governed by 
the SA node—in a resting adult heart, typieally every 0.8 seeond or 
so, generating a heart rate of about 75 bpm. The normal heartbeat, 
timed by the sinoatrial node, is ealled a sinus rhythm. Figure 20.15 
(b and e) shows some eontrasting, abnormal reeords resulting from 
diseases of the myocardium or conduction system. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

10. Why is the human heart deseribed as autorhythmic? Where 

is its paeemaker, and vvhat is it ealled? 

11. List the eomponents of the eardiae conduction system in 
the order traveled by signals from the paeemaker. 

12. Identify any organelles that are less developed in eardiae 

muscle than in skeletal muscle, and any that are more 
developed. What is the functional signifieanee of these 
differenees? 

13. Name tvvo types of eell junctions in the interealated dises 

and explain their functional importanee. 

14. Define eordioe eyeie, systole, and diostole. Hovv would 

shortening the diastole affeet the heart rate and the dura- 
tion of the eardiae eyele? 



Atria 

Diastole 

Systole 

Diastole 


Ventrieles 


Diastole 

Systole 
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.8 




® All four ehambers 
relaxed; AV valves 
open; ventrieles 
filling 


@ Atrial systole 

eompletes ventricular 
filling 


@ Ventrieles eontraet; 
AV valves elose; 
semilunar valves 
open; blood ejeeted 
into arteries 


@ Heart returns to 
initial state of 
relaxation and refills 


Figure 20.16 The Cardiac Cycle. Major events in one eomplete eyele of eontraetion and relaxation of the heart. 
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Developmental and 
Oínìeal Perspeetìves 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the embryonie development of the human heart; 

b. deseribe how and why eardiae anatomy ehanges at birth; 
e. explain how and why the heart ehanges in old age; and 
d. define or briefly deseribe several of the most eommon 

heart diseases. 


Prenatal Development of the Heart 

The heart is one of the earliest organs to begin functioning in the 
embryo. The first traees of it appear in week 3; by 22 to 23 days 
(usually before the mother is aware that she is pregnant), the heart 
is already beating; by day 24, it circulates blood throughout the 
embryo. 

In week 3, a region of mesoderm at the anterior end of the 
embryo eondenses into a pair of longitudinal cellular eords. By 
day 19, these beeome hollow, parallel endoeardial heart tubes 
(fig. 20.17a). As the embryo grows and the head region folds, these 
tubes are pushed eloser together, the tissues dividing them break 
down, and they fuse into a single heart tube ( ig. 20.17b). As the 
tubes are fusing, the surrounding mesoderm forms a primordial 
myocardium, responsible for the ineeption of the heartbeat just a 
few days later. The fetal heartbeat first beeomes audible with a 
stethoseope at about 20 weeks. 

With continued folding of the head region, the heart tube elon- 
gates and segments into five dilated spaees, some of them eor- 
responding to future heart ehambers. From rostral to caudal, these 
are the truncus arteriosus , 19 bulbus eordis , 20 ventriele, atrium, 
and sinus venosus (fig. 20.17c). Two of these, the ventriele and 
bulbus eordis, grow more rapidly than the others, causing the 
heart to loop into a U and then an S shape similar to a fish heart 
(fig. 20.17d, e). In the course of this looping, the bulbus eordis 
shifts caudally, the ventriele shifts to the left, and the atrium and 
sinus venosus shift rostrally, as indieated by the arrows in the fig- 
ure. During this looping, the heart bulges into the perieardial eav- 
ity. Looping is eompleted by day 28 and results in the foremnners 
of the adult atria and ventrieles assuming their final relationship 
to eaeh other (the future atria are now superior, or rostral, to the 
future ventrieles). The primordial ventriele seen at day 21 beeomes 
the left ventriele of the adult heart, and the inferior part of the 
bulbus eordis beeomes the right ventriele. The superior part of the 
bulbus eordis and the truncus arteriosus are now eolleetively ealled 
the conotruncus (fig. 20.17e). This passage soon gives rise to the 
aorta and pulmonary tmnk. 


]9 truncus = trunk; arteriosus = arterial 
20 bulbus = bulb; eordis = of the heart 


The next phase of development is the partitioning of the heart 
tube into separate ehambers (two atria and two ventrieles) through 
the growth of the interatrial and interventricular septa. The inter- 
atrial septum begins to form at the end of week 4 and is well estab- 
lished by about 33 days, except for an opening between the atria 
ealled the foramen ovale. This foramen persists until after birth; 
its signifieanee is discussed in the next seetion. The sinus venosus 
is initially a separate heart ehamber, but it beeomes extensively 
remodeled. Originally, it branehes into a right and left horn at its 
inferior end. The right horn enlarges and reeeives systemie blood 
from the superior and inferior venae eavae. It eventually beeomes 
part of the right atrium. The left horn shrinks. Parts of it beeome 
the eoronary sinus, the sinoatrial node (paeemaker), and a portion 
of the atrioventricular node. 

The interventricular septum begins to appear on the floor of the 
ventriele at the end of week 4 (fig. 20.17f) and inereases in height 
as the two ventrieles grow on either side of it. The septum is eom- 
plete by the end of week 7. Meanwhile, the inner portion of the ven- 
tricular wall beeomes honeyeombed with eavities and differentiates 
into the trabeculae earneae, papillary muscles, and tendinous eords. 

Yet another septum forms during week 5 within the bulbus eordis 
and truncus arteriosus, dividing this outflow passage in two along its 
length. The separate halves of the passage beeome the aseending aorta 
and pulmonary tmnk. The passage twists about 180° as the septum 
forms. The evidenee of this twisting shows in the way the adult pul- 
monary tmnk twists around the aorta. This twisting must be elosely 
eoordinated with the closure of the interventricular septum so that the 
right ventriele will open into the pulmonary tmnk and the left ventri- 
ele will open into the aorta. Developmental irregularities at this stage 
are responsible for many eardiae birth defeets. 


Changes at Birth 

There is little point to pumping all of the blood through the lungs 
of the fetus, because the fetal lungs are not yet inflated or func- 
tional. They reeeive enough blood to meet their metabolie and 
developmental needs, but most blood bypasses the pulmonary eir- 
cuit by way of two anatomieal shortcuts or shnnts (fig. 20.18). One 
is the foramen ovale, the opening through the interatrial septum. 
Some of the blood entering the right atrium passes through this 
opening direetly into the left atrium and from there into the left 
ventriele and systemie circuit. The other shunt is a short vessel, the 
ductus arteriosus, from the base of the left pulmonary artery to 
the aorta. Most of the blood that the right ventriele pumps into the 
pulmonary tmnk takes this bypass direetly into the aorta instead of 
following the usual path to the hmgs. 

At birth, the lungs inflate and their resistanee to blood flow 
drops sharply. The sudden ehange in pressure gradients causes a 
flap of tissue to seal the foramen ovale. Blood in the right atrium 
is no longer able to flow direetly into the left and bypass the lungs. 
In most people, the tissues grow together and permanently seal 
the foramen, leaving only a depression in the right atrial wall, the 
fossa ovalis, marking its former loeation. The foramen remains 
unsealed in about 15% of adults, but the tissue flap aets as a valve 
that prevents blood from passing through. The ductus arteriosus 
normally begins to eonstriet around 10 to 15 hours after birth. It is 
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Figure 20.17 Embryonie Development of the Heart. (a) The endoeardial heart tubes beginning to fuse at day 19. (b) Complete fusion by day 
20, forming the heart tube. (e) Division of the heart tube into five dilated segments by day 21. The heart begins beating about a day later. (d) The 
heart begins looping around day 23, with the bulbus eordis migrating caudally (left arrow) and the atrium and sinus venosus migrating rostrally 
(right arrow). Blood circulates throughout the embryo within a day of this stage. (e) Looping is nearly eompleted by day 26. (f) Frontal seetion of the 
heart at 28 days. As the interventricular septum develops, the conotruncus will divide longitudinally into the aseending aorta and pulmonary trunk, 
reeeiving blood from the left and right ventrieles, respeetively. The single atrium seen here divides into the right and left atria by day 33. 


effeetively elosed to blood flow within 2 to 4 days, and beeomes a 
permanently elosed fibrous eord (ligamentnm arteriosum) by the 
age of 2 to 3 weeks (but see Deeper Insight 20.4). 


The Aging Heart 

A noteworthy effeet of aging on the cardiovascular system is a 
stiffening of the arteries. While that itself is not a eardiae disease, it 
has important repercussions on the heart. Normally, when the ven- 
trieles ejeet blood, the arteries expand to aeeommodate the surge 
in pressure. When arteries are stiffened by age or ealeified by arte- 
rioselerosis, they eannot do so. They resist blood flow more than 
younger arteries, and the heart has to work harder to overeome this 
resistanee. Like any other muscle, when the heart works harder, it 
grows. The ventrieles enlarge, espeeially the left ventriele, which 


has to work the hardest to overeome the most resistanee. In ven- 
tricular hypertrophy, the heart wall and interventricular septum 
ean beeome so thiek that the spaee within the ventriele is severely 
diminished. Cardiac output sometimes deelines to the point of 
heart failure. 

Many other ehanges are seen in the aging heart: The valve anuli 
beeome more fibrous or even ealeified, and the AV valves (espe- 
eially the mitral valve) thieken and tend to prolapse. The interven- 
tricular septum sometimes deviates to the left and interferes with 
the ejeetion of blood into the aorta. The fibrous skeleton beeomes 
less elastie, so it has less eapaeity to rebound in diastole and aid in 
the filling of the heart. There is a loss of eells from the SA node 
and conduction system, so impulse conduction is less effieient and 
more irregular. Degeneration of the conduction system inereases 
the risk of eardiae arrhythmia or heart bloek. Cardiocytes die off 
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Figure 20.18 The Fetal Heart. Note the two shunts (foramen 
ovale and ductus arteriosus) that allow most blood to bypass the 
nonfunctional lungs. 


in the myocardium, and the heart thus beeomes weaker. Exercise 
toleranee is further diminished by deereasing sensitivity to sympa- 
thetie stimulation in the elderly heart. 


Heart Disease 

Heart disease is the leading cause of death in the United States 
(about 30% of deaths per annum, averaged aeross all age groups). 
The most eommon form of heart disease is eoronary atheroselerosis, 
often leading to myoeardial infaretion. However, there are a multi- 
tude of other heart diseases. The prineipal eategories of heart disease 
are eongenital defeets in eardiae anatomy, myoeardial hypertrophy 
or degeneration, inflammation of the pericardium and heart wall, 
valvular defeets, and eardiae tumors. Several examples are deseribed 
in the Deeper Insights in this ehapter and in table 20.1. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

15. When does the embryonie heart begin to beat? At what 

gestational age does it beeome audible? 

16. What are the five primitive ehambers that develop from the 

heart tube? What beeomes of eaeh as the heart continues 
to develop? 

17. Deseribe the two routes (shunts) by which fetal blood 

bypasses the lungs. What happens to eaeh one shortly 
after birth? 

18. Why does the heart tend to enlarge in old age? Why does 

the risk of eardiae arrhythmia inerease? 




Patent Ductus Arteriosus 

Patent 2ì ductus arterìosus (PDA) is the failure of the ductus arterio- 
sus to elose. For a short time after birth, PDA causes no problems; 
but as the lungs beeome better inflated and more functional, pul- 
monary blood pressure drops below aortie blood pressure. Blood 
may then begin to flow from the aortie areh baek into the pulmo- 
nary circuit for an immediate seeond trip through the lungs. Sinee 
this blood soon returns to the left ventriele, it adds markedly to 
the left ventricular workload. The lungs sometimes respond to the 
persistent high blood flow with vascular ehanges that inerease pul- 
monary resistanee and stress the right ventriele as well. 

The signs of PDA include poor weight gain in early ehildhood, 
frequent respiratory illnesses, dyspneo (difficulty breathing) on 
exertion, and eordiomegoly (enlargement of the heart). PDA is 


usually suspected at about 6 to 8 weeks of age because of a per- 
sistent “maehinery-like” heart murmur; it is eonfirmed by X-ray and 
other eardiae imaging methods. 

Usually, the ductus arteriosus ean be stimulated to elose with a 
prostaglandin inhibitor, but if this fails, surgery is required. Surgery 
is ideally performed between 1.5 and 2.5 years of age because 
there is a rising risk of infeetive endoeorditis (table 20.1) if it is 
delayed. The usual procedure is to tie off the DA with several liga- 
tures. This is a low-risk surgery with almost no mortality. However, 
other methods are available for bloeking blood flow through the 
DA that are less invasive and give an easier reeovery for the young 
patient. 


2} potent = open 
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TABLE 20.1 


Common Oardiae Pathologies 


Cardiac tamponade 


Cardiomyopathy 


Congestive heartfailure 
(CHF) 


Infeetive endoearditis 


Mitral valve prolapse 
(MVP) 


Rheumatic fever 


Septal defeets 


Ventricular fibrillation 


Compression of the heart by serous fluid or elotted blood in the perieardial eavity, rendering the heart unable to 
expand and fill eompletely during diastole, thus reducing systolie output. (See also Deeper Insight 1.2, p. 17.) 

Any disease of the myocardium from causes other than valvular dysfunction or vascular diseases. Can cause 
atrophy or hypertrophy of the heart wall and interventricular septum, or dilation and failure of the heart. 

Failure of either ventriele to pump as much blood as the other one, resulting in accumulation of blood and edema 
(eongestion) in peripheral tissues. Left ventricular failure results in pulmonary eongestion and right ventricular 
failure in systemie eongestion (onee ealled dropsy). Failure of one ventriele stresses the other and may lead to its 
subsequent failure. 

Inflammation of the endocardium, usually due to baeterial infeetion with streptoeoeei or staphyloeoeei. 

A valvular defeet in which one or both mitral valve cusps balloon into the atrium during ventricular eontraetion. Often 
hereditary, affeeting 1 out of 40 people overall, and young women espeeially. Causes signifieant illness in only 3% of 
eases, including ehest pain, fatigue, shortness of breath, and oeeasionally infeetive endoearditis, arrhythmia, or stroke. 

Autoimmune disease triggered by a baeterial infeetion. Antibodies against streptoeoeei or other baeteria attaek 
tissues of the heart valves, causing searring and eonstrietion (stenosis) of the valves, espeeially the mitral valve. 
Regurgitation of blood through the ineompetent valve causes turbulence heard as a heort murmur. 

Abnormal openings in the interatrial or interventricular septum, allowing blood to flow direetly between right and 
left heart ehambers. Results in pulmonary hypertension, difficulty breathing, and fatigue. Often fatal in ehildhood 
if not eorreeted. 

Squirming, uncoordinated eontraetions of the ventricular myocardium with no effeetive ejeetion of blood. Often 
caused by myoeardial infaretion (Ml); the usual cause of death in heart attaek. 


Disorders Deseribed Elsewhere 

Angina peetoris 551 
Arrhythmia 553 
Coronary artery disease 551 
Heart bloek 553, 555 


Myoeardial infaretion 551 
Patent ductus arteriosus 559 
Periearditis 543 
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Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

20.1 Overview of the Cardiovascular System 
(p. 540) 

1. The two eireiiits of the cardiovascular sys- 
tem, the fimetions of eaeh, and which side 
of the heart supplies eaeh one 

2. The great vessels and their assoeiations 
with the heart ehambers 

3. The loeation and orientation of the heart 
relative to adjaeent organs and the median 
plane of the body 

4. The shape, size, and weight of the average 
adult heart 

5. The perieardmm, its parietal and viseeral 
layers, the two tissue layers of the periear- 
dial sae, and attaehments of the perieardial 
sae to adjaeent organs 


6. The perieardial eavity and signifieanee of 
the perieardial fluid 

20.2 Gross Anatomy of the Heart (p. 543) 

1. The names and histologieal eomposition of 
the three layers of the heart wall 

2. The eomponents and functions of the 
fibrous skeleton of the heart 

3. The names, loeations, and functions of the 
four heart ehambers and the surface land- 
marks of the heart that eorrespond to the 
four ehambers 

4. Reasons for the differenees in muscular- 
ity between the atria and ventrieles and 
between the right and left ventrieles 

5. The great vessels and their relationships to 
the heart ehambers 

6. The internal septa that separate the heart 
ehambers from eaeh other 

7. The names, loeations, and anatomy of 
the two atrioventricular valves, and their 


relationships with the tendinous eords and 
papillary muscles 

8. The names, loeations, and anatomy of the 
two semilunar valves 

9. The mode of operation of the heart valves 

10. The path of blood flow through the heart 

ehambers and valves 

20.3 Coronary Circulation (p. 549) 

1. The origins, branehes, and distribution of 
the two eoronary arteries 

2. The major veins of the eoronary circula- 
tion and the routes of eoronary blood 
drainage into the right atrium 

3. The cause of myoeardial infaretion and the 
proteetion afforded by eollateral circula- 
tion in the heart 

4. The reasons why eoronary blood flow is 
greatest in diastole and diminished in sys- 
tole, in eontrast to arterial blood flow else- 
where in the body 
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20.4 The Cardiac Conduction System and 
Cardiac Muscle (p. 552) 

1. The name and loeation of the paeemaker 
of the heart 

2. The role of the atrioventricular bundle, 
bundle branehes, Purkinje fibers, and myo- 
eardial gap junctions in conducting eleetri- 
eal excitation through the heart 

3. The speeialized structural features of ear- 
dioeytes, espeeially the eomponents of the 
interealated dises 


4. The origins and terminations of sympa- 
thetie and parasympathetie nerves to the 
heart, and their respeetive effeets on ear- 
diae function 

5. The four prineipal phases of the eardiae eyele 
and how they relate to eardiae anatomy 

20.5 Developmental and Oinieal Perspeetives 
(p. 557) 

1. The embryonie origin of the heart tube and 
how the tube divides and folds to produce 
the fully formed heart 


2. The two shunts in and near the fetal heart 
that enable most blood to bypass the non- 
functional lungs 

3. The ehanges in eardiae anatomy and blood 
flow that occur at birth when the infant 
begins to breathe on its own 

4. The effeets of aging on the heart 

5. The prineipal eategories of heart disease 
and essential features of some eommon 
heart diseases 


Testing Your Reeall 


1. The eardiae conduction system includes all 
of the following except 

a. the SA node. 

b. the AV node. 

e. the bundle branehes. 

d. the tendinous eords. 

e. the Purkinje fibers. 

2. To get from the right atrium to the right 

ventriele, blood flows through the right 
AV, or_, valve. 

a. pulmonary 

b. tricuspid 
e. semilunar 

d. aortie 

e. mitral 

3. There is/are_pulmonary vein(s) 

emptying into the right atrium of the heart. 

a. no 

b. one 
e. two 

d. four 

e. more than four 

4. The eoronary blood vessels are part of the 
_circuit of the circulatory system. 

a. eardiae 

b. pulmonary 
e. systematie 

d. systemie 

e. cardiovascular 

5. The outermost layer of the heart wall is 
known as 

a. the perieardial sae. 

b. the epicardium. 

e. the viseeral pericardium. 

d. both a and e. 

e. both b and e. 

6. These are some of the points that the blood 
passes as it circulates through the heart 
ehambers, listed alphabetieally: (1) left 
atrium, (2) left ventriele, (3) mitral valve, 


(4) pulmonary valve, (5) right atrium, 
(6) right ventriele, (7) tricuspid valve. Plaee 
these in the eorreet order from the time that 
blood enters the heart from the venae eavae 
to the time blood leaves the heart by way of 
the aorta. 


a. 

1 - 

-3- 

-2- 

-4- 

-5- 

-7- 

-6 

b. 

1 - 

-2- 

-3- 

-5- 

-7- 

-6- 

-4 

e. 

5- 

-3- 

-6- 

-4- 

- 1 - 

-2- 

-7 

d. 

6- 

-7- 

-5- 

-4- 

-2- 

-3- 

-1 

e. 

5- 

-7- 

-6- 

-4- 

- 1 - 

-3- 

-2 


7. The aseending aorta and pulmonary trunk 
develop from the embryonie 

a. bulbus eordis only. 

b. truncus arteriosus only. 

e. horns of the sinus venosus. 

d. conotruncus. 

e. ventriele. 

8. The _ prevent the AV valves from 

bulging into the atria during ventricular 
systole. 

a. tendinous eords 

b. peetinate muscles 
e. trabeculae earneae 

d. AV nodes 

e. cusps 

9. Blood in the anterior interventricular 
braneh of the left eoronary artery flows 
into myoeardial blood eapillaries and next 
drains into 

a. the superior vena eava. 

b. the great eardiae vein. 
e. the left atrium. 

d. the middle eardiae vein. 

e. the eoronary sinus. 

10. Which of these is not eharaeteristie of the 
heart in old age? 

a. ventricular enlargement 

b. thiekening of the atrial walls 
e. a less elastie fibrous skeleton 


d. fewer eells in the conduction system 

e. less sensitivity to norepinephrine 

11. The eontraetion of any heart ehamber is 
ealled_, and its relaxation is ealled 


12. The circulatory route from aorta to the 

venae eavae is the_circuit. 

13. The circumflex braneh of the left eoronary 

artery travels in a groove ealled the_. 

14. The finest passages through which eleetri- 

eal signals pass before reaehing the ven- 
tricular eardioeytes are ealled_. 

15. Eleetrieal signals pass quickly from one 

eardioeyte to another through the_of 

the interealated dises. 

16. The abnormal bulging of the left AV valve 

into the atrium is ealled_. 

17. The_nerves innervate the heart and 

tend to reduce the heart rate. 

18. The death of eardiae tissue from laek of 

blood flow is eommonly known as a heart 
attaek, but is elinieally ealled_. 

19. Blood in the heart ehambers is separated 

from the myoeardmm by a thin membrane 
ealled the_. 

20. The sinoatrial node develops from an 
embryonie heart tube ehamber ealled the 


Answers in appendix A 
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part four Maintenanee 


Building Your Medieal Vocabulary 


State a medieal meaning ofeaeh of the following 

5. -iele 

9. ventr- 


word elements, and give a term in which it is used. 

6. -genie 

7. lun- 

10. fasei- 


1. eardio- 

2. epi- 

3. semi- 

4. -ary 

8. eoron- 


Answers in appendix A 




True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. All blood that has circulated through the 
myocardium eventually flows into the 
eoronary sinus and from there to the right 
atrium. 

2. The aorta is the body’s largest artery. 

3. Normally, the only way eleetrieal signals 
ean get from the atria to the ventrieles is to 
pass through the AV node and AV bundle. 


Testing Your Comprehension 

1. Mr. Jones, 78, dies of a massive myoeardial 
infaretion triggered by eoronary thrombo- 
sis. Upon autopsy, neerotie myocardium 
is found in the lateral and posterior right 
ventriele and posterior interventricular 
septum. Based on the information in this 
ehapter, where in the eoronary circulation 
do you think the thrombosis occurred? 

2. Beeky, age 2, was born with a hole in her 
interventricular septum ( ventricular sep- 
tal defeet, or VSD). Considering that the 
blood pressure in the left ventriele is sig- 
nifieantly higher than blood pressure in 
the right ventriele, prediet the effeet of the 
VSD on Beeky’s pulmonary blood pres- 
sure, systemie blood pressure, and long- 
term ehanges in the ventricular walls. 


4. The epicardium eontains adipose tissue, 
but the endocardium does not. 

5. If all nerves from the eentral nervous 
system to the heart were severed, the heart 
would stop beating. 

6. The thiekest myocardium is normally 
found in the left ventriele. 

7. Many of the eardiae veins have anasto- 
moses that ensure the myocardium will 
reeeive blood even if one of the veins 
beeomes bloeked. 


3. Marcus is born with transposition of the 
great arteries, in which the aorta arises 
from the right ventriele and the pulmo- 
nary artery arises from the left. Assuming 
no other anatomieal abnormalities, traee 
the flow of blood through the pulmonary 
and systemie routes in his ease. Prediet 
the consequences, if any, for the ability of 
Marcus’s cardiovascular system to deliver 
oxygen to the systemie tissues. Do you 
think Marcus would require immediate 
surgical eorreetion in early infaney, eor- 
reetion at the age of 2 or 3 years, or that it 
could be left alone and not seriously affeet 
his life expectancy? 


8. During embryonie development, a ventrie- 
ular septum grows and divides the single 
primordial ventriele into right and left 
ventrieles. 

9. Blood in the superior and inferior venae 
eavae flows through the semilunar valves 
as it enters the right atrium. 

10. Cardiocytes transmit eleetrieal signals to 
eaeh other by way of their gap junctions. 

Answers in appendix A 


4. Review the eondition of heart bloek in 
Deeper Insight 20.2, and examine the 
eleetroeardiogram for this eondition in 
figure 20.15c. Explain why the seeond P 
wave in the ECG is followed by another P 
instead of a QRS complex. 

5. In dilated eardiomyopathy of the left 
ventriele, the ventriele ean beeome enor- 
mously enlarged. Explain why this might 
lead to regurgitation of blood through 
the mitral valve (blood flowing from the 
ventriele baek into the left atrium) during 
ventricular systole. 
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part four Maintenanee 


T he route taken by the blood after it leaves the heart was a 

point of much confusion for many centuries. In traditional 
Chinese medieine as early as 2650 bce, blood was eor- 
reetly believed to flow in a eomplete circuit around the body and 
baek to the heart. But in the seeond century bce, Roman physieian 
Claudius Galen argued that it flowed baek and forth in the veins, 
like air in the bronehial tubes. He believed that the liver reeeived 
food direetly from the esophagus and eonverted it to blood, the 
heart pumped the blood through the veins to all other organs, and 
those organs consumed it. The arteries were thought to eontain 
only a mysterious vapor or “vital spirit.” 

The Chinese view was eorreet, but the first experimental dem- 
onstration of this did not eome for another 4,000 years. English 
physieian William Harvey (1578-1657) studied the fìlling and emp- 
tying of the heart in snakes; tied off the vessels above and below 
the heart to observe the effeets on eardiae fìlling and output; mea- 
sured eardiae output in a variety of living animals; and estimated the 
eardiae output in humans. He concluded that (1) the heart pumps 
more blood in half an hour than there is in the entire body; (2) not 
enough food is consumed to account for the continual production 
of so much blood; and therefore (3) the blood returns to the heart 
rather than being consumed by the peripheral organs. He could not 
explain how, sinee the mieroseope had yet to be developed to the 
point that allowed Mareello Malpighi (1628-94) and later, Antony 
van Leeuwenhoek (1632-1723), to diseover the blood eapillaries. 

Harvey published his findings in 1628 in a short but elegant 
book entitled Exercitio Anotomieo de Motu Cordis et Songuinis in 
Animolibus (Anotomieol Studies on the Motion of the Heort ond 
Bioodin Animols). This landmark in the history of biology and medi- 
eine was the fìrst experimental study of animal physiology. But so 
entrenehed were the ideas of Aristotle and Galen in the medieal 
community, and so strange was the idea of doing experiments on 
living animals, that Harvey’s eontemporaries rejeeted his ideas. 
Indeed, some of them regarded him as a eraekpot because his 
conclusion flew in the faee of eommon sense—if the blood was 
continually recirculated and not consumed by the tissues, they rea- 
soned, then what purpose could it possibly serve? 

Harvey lived to a ripe old age, served as physieian to the kings 
of England, and later did important work in embryology. His ease is 
one of the most interesting in biomedieal history, for it shows how 
empirieal seienee overthrows old theories and spawns better ones, 
and how eommon sense and blind allegianee to authority ean inter- 
fere with aeeeptanee of the truth. But most importantly, Harvey’s 
contributions represent the birth of experimental physiology. 



General Anatomy 
of the Blood Vessels 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the structure of a blood vessel; 

b. deseribe the difíerent types ofarteries, eapillaries, and veins; 
e. traee the general route usually taken by the blood 

from the heart and baek again; and 
d. deseribe some variations on this route. 


There are three prineipal eategories of blood vessels—arteries, 
veins, and eapillaries. Arteries are the efferent vessels of the ear- 
diovascular system—that is, vessels that earry blood away from 
the heart. Veins are the afferent vessels—vessels that earry blood 
baek to the heart. Capillaries are mieroseopie, thin-walled vessels 
that eonneet the smallest arteries to the smallest veins. Aside from 
their general loeation and direetion of blood flow, these three ves- 
sel types also differ in the histologieal structure of their walls. 

The Vessel Wall 

The walls of arteries and veins are eomposed of three layers ealled 
tunics (figs. 21.1 and 21.2): 

1 . The tunica interna (tunica intima) lines the inside of the 
vessel and is exposed to the blood. It eonsists of a simple 
squamous epithelium ealled the endothelium, overlying a 
basement membrane and a sparse layer of loose eonneetive 
tissue; it is continuous with the endocardium of the heart. The 
endothelium aets as a seleetively permeable barrier to materials 
entering or leaving the bloodstream; it seeretes ehemieals that 
stimulate the muscle of the vessel wall to eontraet or relax, thus 
narrowing or widening the vessel; and it normally repels blood 
eells and platelets so that they flow freely without stieking 

to the vessel wall. Under speeial circumstances, however, 
platelets and blood eells do adhere to it. When the endothelium 
is damaged, platelets ean adhere and form a blood elot; and 
when the tissue around a vessel is inflamed, the endothelial 
eells produce eell-adhesion molecules that induce leukocytes to 
adhere to the surface. This causes leukocytes to eongregate in 
tissues where their defensive aetions are needed. 

2. The tunica media, the middle layer, is usually the thiekest. It 
eonsists of smooth muscle, eollagen, and in some eases, elastie 
tissue. The relative amounts of muscle and elastie tissue vary 
greatly from one vessel to another and form a basis for the 
elassifieation of vessels deseribed in the next seetion. The tunica 
media strengthens the vessels and prevents blood pressure from 
rupturing them, and the muscle widens or narrows the vessel— 
aetions ealled vasodilation and vasoeonstrietion. 

3. The tunica externa (tunica adventitia 1 ) is the outermost 
layer. It eonsists of loose eonneetive tissue that often 
merges with that of neighboring blood vessels, nerves, or 
other organs. It anehors the vessel and allows small nerves, 
lymphatie vessels, and smaller blood vessels to reaeh and 
penetrate into the tissues of a larger vessel. 

All blood vessels require nutrition, oxygenation, and waste- 
removal serviees for their own tissues, and the medium to large 
arteries and veins eannot have these needs adequately met by the 
blood flowing through them. That blood flows too rapidly and 
the vessel wall is too thiek for adequate exchange of ehemieals 
between the blood and tissue fluid. Therefore smaller vessels pen- 
etrate into the external surface of the large ones, gaining aeeess 
through the tunica externa, and braneh into eapillaries that supply the 
tissues of the larger vessel. The network of smaller vessels serving 
the larger one is ealled the vasa vasomm 2 (VAY-za vay-SO-mm). 

^odvent = added to 

2 vasa — vessels; orum = of 
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Figiire 21.1 Histologieal Structure of Blood Vessels. 

Why do the orteries hove so much more elostie tissue 
thon the veins do? 
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Endothelium 


Basement 

membrane 


Gapillary 


They are most conspicuous in the tunica externa because the loose 
organization of the tissue here does not obscure the view of them 
as much as tissue of the tunica media does. They supply blood to at 
least the outer half of the vessel wall. Tissues of the inner half are 
thought to be nourished by diffusion from blood in the lumen. 

Arteries 

Arteries are eonsidered to be the resistanee vessels of the eardio- 
vascular system because they have a relatively strong, resilient tis- 
sue structure that resists the high blood pressure within. Eaeh beat 
of the heart ereates a surge of pressure in the arteries as blood is 
ejeeted into them. Arteries are built to withstand these pressure 


surges. Being more muscular than veins, they retain their round 
shape even when empty, and they appear relatively circular in tis- 
sue seetions. 

Classes of Arteries 

Arteries are divided into three elasses by size, but of course there 
is a gradual transition from one elass to the next. 

1. Conducting (elastie or large) arteries are the biggest 

arteries. Like an interstate highway, they serve only to deliver 
blood at high speed to the major “exit ramps” that head off to 
individual organs. The aorta, eommon earotid and subclavian 
arteries, pulmonary tmnk, and eommon iliae arteries are 
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(a) 


Capillaries 

Artery: 

Tunica interna 


Conducting arteries expand during ventricular systole to reeeive 
blood, and reeoil during diastole. Their expansion takes some of the 
pressure off the blood so that smaller arteries downstream are sub- 
jeeted to less systolie stress. Their reeoil between heartbeats prevents 
the blood pressure from dropping too low while the heart is relaxing 

Q_ 

Tunica externa « and refilling. These effeets lessen the fluctuations in blood pressure 


Tunica media 


<D 


ru 

o 


Nerve 


o 

CO 

LD 


Vein 


2 that would otherwise occur. Arteries stiffened by atheroselerosis 
eannot expand and reeoil as freely. Consequently, the downstream 
vessels are subjected to greater stress and are more likely to develop 


O) 

O 


| aneurysms (see Deeper Insight 21.1). 
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Figure 21.2 Mierographs of Blood Vessels. (a) A neurovascular 
bundle, eomposed of a small artery, small vein, and nerve traveling 
together in a eommon sheath of eonneetive tissue. The dark wavy line 
near the lumen of the artery is the internal elastie lamina. (b) A polymer 
east of blood vessels of the eye (SEM). 


examples of conducting arteries. They have a layer of elastie 
tissue ealled the internal elastie lamina at the border between 
the interna and media, but mieroseopieally, it is ineomplete 
and difficult to distinguish from the elastie tissue of the tunica 
media. The tunica media eonsists of 40 to 70 layers of elastie 
sheets, perforated like sliees of Swiss eheese, alternating with 
thin layers of smooth muscle, eollagen, and elastie fibers. In 
histologieal seetions, the view is dominated by this elastie 
tissue. The perforations allow nerves and vasa vasomm to 
penetrate through all layers of the vessel and for smooth muscle 
eells to communicate with eaeh other through gap junctions. 
There is an external elastie lamina at the border between the 
media and externa, but it, too, is difficult to distinguish from 
the elastie sheets of the tunica media. The tunica externa is less 
than half as thiek as the tunica media and relatively sparse in 
the largest arteries. It is well supplied with vasa vasomm. 


Aneurysm 


An aneurysm is a weak point in an artery or in the heart wall. It forms 
a thin-walled, bulging sae that pulsates with eaeh beat of the heart 
and may eventually rupture. In a disseeting oneurysm, blood accu- 
mulates between the tunics of an artery and separates them, usually 
because of degeneration of the tunica media. The most eommon 
sites of aneurysms are the abdominal aorta (fig. 21.3), renal arteries, 
and the arterial eirele at the base of the brain. Even without hemor- 
rhaging, aneurysms ean cause pain or death by putting pressure on 
brain tissue, nerves, adjaeent veins, pulmonary air passages, or the 
esophagus. Other consequences include neurological disorders, 
difficulty in breathing or swallowing, ehronie cough, or eongestion of 
the tissues with blood. Aneurysms sometimes result from eongenital 
weakness of the blood vessels and sometimes from trauma or bae- 
terial infeetions such as syphilis. The most eommon cause, however, 
is the eombination of atheroselerosis and hypertension. 
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Figiire 21.3 An Aortie Aneurysm. This is a magnetie resonanee 
angiogram (MRA) ofthe abdominal aorta of a patient with 
hypertension, showing a prominent bulge (aneurysm) of the aorta 
immediately superior to the eommon iliae arteries. 
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CHAPTER TWENTY-ONE 


The Circulatory System III: Blood Vessels 


2. Distributing (muscular or medium) arteries are smaller 
branehes that distribute blood to speeifie organs, like the exit 
ramps and state highways that serve individual towns. Most 
arteries that have speeifie anatomieal names are in these first 
two size elasses. The braehial, femoral, renal, and splenie 
arteries are examples of distributing arteries. Distributing 
arteries typieally have up to 40 layers of smooth muscle, 
constituting about three-quarters of the wall thiekness. In 
histologieal seetions, smooth muscle is more conspicuous 
than the elastie tissue. Both the internal and external elastie 
laminae, however, are thiek and often conspicuous. 


3 . Resistanee (small) arteries are so ealled because their small 
diameter and great number make them the major point of 
resistanee against blood flowing into any particular organ. 

In our highway analogy, they are like the eity streets where 
traffie slows down substantially; the narrow diameter of these 
arteries is responsible for this slowing. These arteries usually 
have no speeifie anatomieal names because their loeations and 
arrangement are so variable from one person to another and even 
ehange over the course of a person’s lifetime. They are less than 
0.1 mm in diameter and usually have one to five layers of smooth 
muscle. The smallest resistanee arteries, with only one to three 
layers of smooth muscle, are ealled arterioles. Arterioles have 
very little tunica externa. They are the major point of eontrol over 
how much blood an organ or tissue reeeives. 


In some plaees, short vessels ealled metarterioles 3 link arterioles and 
eapillaries or provide shortcuts through which blood ean bypass the 
eapillaries and flow direetly to a venule. Instead of a continuous tunica 
media, they have individual muscle eells spaeed a short distanee apart, 
eaeh forming a preeapillary sphineter that eneireles the entranee to 
one eapillary. Constriction of these sphineters reduces or shuts off 
blood flow through their respeetive eapillaries and diverts blood to 
tissues or organs elsewhere. 


Arterial Sense Organs 

Certain major arteries above the heart have sensory reeeptors in 
their walls that monitor blood pressure and ehemistry (fig. 21.4). 
These reeeptors transmit information to the brainstem that serves 
to regulate the heartbeat, vasomotion, and respiration. They are of 
three main kinds. 

1. Carotíd sinuses are baroreeeptors (pressure sensors) that respond 
to ehanges in blood pressure. Aseending the neek on eaeh side 
is a eommon earotid artery that branehes near the angle of the 
mandible to form the internal earotid artery to the brain and 
external earotid artery to the faee. The earotid sinuses are loeated 
in the wall of the internal earotid artery just above the braneh 
point. The earotid sinus has a relatively thin tunica media and 
an abundance of glossopharyngeal nerve fibers in the tunica 
externa. A rise in blood pressure easily stretehes the thin media 
and stimulates these nerve fibers. The glossopharyngeal nerve 
then transmits signals to the vasomotor and eardiae eenters of the 
brainstem, and the brainstem responds by lowering the heart rate 
and dilating the blood vessels, thereby lowering the blood pressure. 
Similar baroreeeptors also occur in the wall of the aortie areh. 

3 meta = beyond, next in a series 
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Figure 21.4 Baroreeeptors and Chemoreceptors in the Arteries 
Superior to the Heart. The structures shown here are repeated in the 

left earotid arteries. apir 


2. Carotid bodies, also loeated near the braneh of the eommon 
earotid arteries, are oval reeeptors about 3 by 5 mm, innervated 
by sensory fibers of the glossopharyngeal nerves. They are 
ehemoreeeptors that monitor ehanges in blood eomposition. 
They primarily transmit signals to the brainstem respiratory 
eenters, which adjust breathing to stabilize the blood pH and its 
C0 2 and 0 2 levels. 

3. Aortie bodies are one to three ehemoreeeptors loeated in the 
aortie areh near the arteries to the head and arms. They are 
structurally similar to the earotid bodies and have the same 
function. They are innervated by the vagus nerves. 


eapillaries 

For the blood to serve any purpose, materials such as nutrients, 
wastes, and hormones must pass between the blood and the tissue 
fluids, through the walls of the vessels. In nearly all of the larger 
vessels, the wall is too thiek for signifieant passage of ehemieals 
between the bloodstream and tissue fluid. There are only two plaees 
in the circulation where this occurs—the eapillaries and venules. We 
ean think of these as the “business end” of the cardiovascular system, 
because all the rest of the system exists to serve the exchange pro- 
eesses that occur here. Sinee eapillaries greatly outnumber venules, 
they are the more important of the two. Capillaries are sometimes 
ealled the exchange vessels of the cardiovascular system. The small- 
est blood vessels—arterioles, eapillaries, and vemiles—are also 
ealled the microvasculature (microcirculation). 
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Blood eapillaries (fig. 21.5) are eomposed of only an endothelium 
and basal lamina. Their walls are as thin as 0.2 to 0.4 pm. They aver- 
age about 5 |im in diameter at the proximal end (where they reeeive 
arterial blood), they widen to about 9 p,m at the distal end (where they 
empty into a small vein), and they often braneh along the way. Sinee 
erythroeytes are about 7.5 pm in diameter, they often have to streteh 
into elongated shapes to squeeze through the smallest eapillaries. 

The number of eapillaries has been estimated at a billion and 
their total surface area at 6,300 m 2 , but a more important point is that 
seareely any eell in the body is more than 60 to 80 pm (about four to 
six eell widths) away from the nearest eapillary. There are a few excep- 
tions: Capillaries are searee in tendons and ligaments, rarely found in 
eartilage, and absent from epithelia and the eornea and lens of the eye. 


Types of Capillaries 

There are three types of eapillaries, distinguished by the ease with 
which they allow substances to pass through their walls and by stme- 
tural differenees that account for their greater or lesser permeability. 

1. Continuous eapillaries (fig. 21.5) occur in most tissues, 
such as skeletal muscle. Their endothelial eells, held together 
by tight junctions, form a continuous tube like a water hose. 
Sometimes a single endothelial eell rolls into a tube, like 
a burrito, forming the entire wall at a given point. A thin 
protein-earbohydrate layer, the basal lamina, surrounds the 
endothelium and separates it from the adjaeent eonneetive 
tissues. The endothelial eells are usually separated by narrow 
intercellular elefts about 4 nm wide. Small solutes such as 
glucose ean pass through these elefts, but plasma proteins, 
other large molecules, and platelets and blood eells are held 
baek. The continuous eapillaries of the brain laek intercellular 
elefts and have more eomplete tight junctions that form the 
blood-brain barrier discussed in ehapter 15 (p. 405). 



Perieyte 

Basal 

lamina 


Some continuous eapillaries exhibit eells ealled perieytes 
that lie external to the endothelium. Perieytes have elongated 
tendrils that wrap around the eapillary. They eontain the same 
eontraetile proteins as muscle, and it is thought that they eon- 
traet and regulate blood flow through the eapillaries. They also 
ean differentiate into endothelial and smooth muscle eells and 
thus contribute to vessel growth and repair. 

2. Fenestrated eapillaries have endothelial eells riddled with 
holes ealled filtration pores (fenestrations 4 ) (fig. 21.6). 

These pores are about 60 to 80 nm in diameter, and are often 
spanned by a thin glyeoprotein membrane. They allow for 
the rapid passage of small molecules and even molecules as 
large as protein hormones (for example, insulin), but they still 
retain most proteins and larger partieles in the bloodstream. 
Fenestrated eapillaries are important in organs that engage in 
rapid absorption or filtration—the kidneys, endoerine glands, 
small intestine, and ehoroid plexuses of the brain, for example. 

3. Sinusoids (discontinuous eapillaries) are irregular blood- 
filled spaees in the liver, bone marrow, spleen, and some other 
organs (fig. 21.7). They are twisted, tortuous passageways, 
typieally 30 to 40 p,m wide, that eonform to the shape of the 
surrounding tissue. The endothelial eells are separated by wide 
gaps with no basal lamina, and the eells also frequently have 
espeeially large fenestrations through them. Even proteins and 
blood eells ean pass through these pores; this is how albumin, 
elotting faetors, and other proteins synthesized by the liver 
enter the blood, and how newly formed blood eells enter the 
circulation from the bone marrow and lymphatie organs. Some 
sinusoids eontain maerophages or other speeialized eells. 


Intercellular 

eleft 


Pinoeytotie 

vesiele 


Endothelial 

eell 


Erythroeyte 




Tight 

junction 


eapillary Permeability 

The structure of a eapillary wall is elosely related to its permeability, 
the ease with which substances pass through it from the blood to the 
tissue fluid, or viee versa. There are three routes that materials 
ean travel through a eapillary wall ( ig. 21.8): (1) the intercellular 
elefts between endothelial eells; (2) the filtration pores in fenes- 
trated eapillaries; and (3) the endothelial eell plasma membrane 
and eytoplasm. Nonpolar molecules such as 0 2 , C0 2 , lipids, and 
thyroid hormone diffuse easily through the endothelial eells. 
Hydrophilie substances such as glucose, eleetrolytes, and large 
molecules such as insulin pass through the intercellular elefts and 
filtration pores, or eross through the endothelial eells by a proeess 
ealled transeytosis: The endothelial eell internalizes molecules or 
fluid droplets by endoeytosis on one side of the eapillary wall, 
transports the endoeytotie vesieles to the other side of the eell, and 
releases the substances by exocytosis on that side. 

eapillary Beds 

Capillaries are organized into groups ealled eapillary beds— 
usually 10 to 100 eapillaries supplied by a single arteriole 
or metarteriole (fig. 21.9; see also photo on p. 563). Beyond 
the origins of the eapillaries, the metarteriole continues as a 
thoroughfare ehannel leading direetly to a venule. Capillaries 
empty into the distal end of the thoroughfare ehannel or 
direetly into the venule. 


Figure 21.5 Structure of a Continuous Capillary (Cross Seetion). 


fenestro = vvindovv 
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Figure 21.6 Structure of a Fenestrated Capillary. (a) Cross seetion of the eapillary wall. (b) Surface view of a fenestrated endothelial eell (SEM). 
The eell has patehes of filtration pores (fenestrations) separated by nonfenestrated areas. 

• Identify some orgons thot hove this type of eopillory rother thon continuous eopillories. 


Endothelial 

eells 


Erythroeytes 
in sinusoid 


Liver eell 
(hepatoeyte) 


Mierovilli 


Sinusoid 




Filtration pores 


T ranseytosis 


Diffusion through 
endothelial eells 


lntercellular 

elefts 


Figure 21.8 Pathwaysof eapillary Fluid Exchange. Materials 

move through the eapillary wall through filtration pores (in fenestrated 
eapillaries only), by transeytosis, by diffusion through the endothelial 
eells, and through intercellular elefts. Although this figure depiets 
material leaving the bloodstream, material ean also enterthe 
bloodstream by the same methods. 


Figure 21.7 A Sinusoid of the Liver. Large gaps between the 
endothelial eells allow blood plasma to direetly eontaet the liver eells, 
but retain blood eells in the lumen of the sinusoid. 

When the preeapillary sphineters are open, the eapillaries are 
well supplied with blood and engage in exchanges with the tissue 
fluid. When the sphineters are elosed, blood bypasses the eapil- 
laries, flows through the thoroughfare ehannel to a venule, and 


engages in relatively little fluid exchange. There is not enough 
blood in the body to fill the entire vascular system at onee; eon- 
sequently, about three-quarters of the body’s eapillaries are shut 
down at any given time. In the skeletal muscles, for example, about 
90% of them have little to no blood flow during periods of rest. 
During exercise, they reeeive an abundant flow, while eapillary 
beds elsewhere—for example, in the skin and intestines—shut 
down to eompensate for it. 
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Preeapillary 

sphineters 

Metarteriole 


Thoroughfare 

ehannel 



(a) Sphineters open 



Arteriole 


Venule 


(b) Sphineters elosed 

Figure 21.9 Regulation of Capillary Blood Flow. (a) Preeapillary 
sphineters dilated and eapillaries abundantly supplied with blood. 

(b) Preeapillary sphineters elosed, with blood bypassing the eapillaries. 


Veins 

Veins are regarded as the eapaeitanee vessels of the eardiovas- 
cular system because they are relatively thin-walled and flaeeid, 
and expand easily to aeeommodate an inereased volume of blood; 
that is, they have a greater eapaeity for blood eontainment than 
arteries do. At rest, about 64% of the blood is found in the sys- 
temie veins as eompared with only 13% in the systemie arteries 


(fig. 21.10). The reason that veins are so thin-walled and aeeom- 
modating is that, being distant from the ventrieles of the heart, they 
are subjected to relatively low blood pressure. In large arteries, 
blood pressure averages 90 to 100 mm Hg (millimeters of mer- 
cury) and surges to 120 mm Hg during systole, whereas in veins, 
it averages about 10 mm Hg. Furthermore, the blood flow in the 
veins is steady, rather than pulsating with the heartbeat like the 
flow in the arteries. Veins therefore do not require thiek, pressure- 
resistant walls. They eollapse when empty and thus have relatively 
flattened, irregular shapes in histologieal seetions (see fig. 21.2). 

As we traee blood flow in the arteries, we find it splitting off 
repeatedly into smaller and smaller branehes of the arterial system. 
In the venous system, eonversely, we find small veins merging to 
form larger and larger ones as they approaeh the heart. We refer 
to the smaller veins as tributaries, by analogy to the streams that 
eonverge and aet as tributaries to rivers. In examining the types of 
veins, we will follow the direetion of blood flow, working up from 
the smallest to the largest vessels. 

1. Posteapillary venules are the smallest of the veins, beginning 
with diameters of about 15 to 20 p,m. They reeeive blood 
from eapillaries direetly or by way of the distal ends of the 
thoroughfare ehannels. They have a tunica interna surrounded 
by only a few perieytes and reticular fibers—no muscle. 
Posteapillary venules are even more porous than eapillaries; 
therefore, venules also exchange fluid with the surrounding 
tissues. Most leukocytes emigrate from the bloodstream 
through the venule walls. 

2. Muscular venules reeeive blood from the posteapillary 
venules. Above 1 mm in diameter, they also have smooth 
muscle eells, which are seattered at first but beeome a 
continuous layer (tunica media) in the larger venules. 

3. Medium veins range up to 10 mm in diameter. Most veins 
with individual names are in this eategory, such as the 
radial and ulnar veins of the forearm and the small and great 


Distribution of Blood 



Figure 21.10 Typieal Distribution of the Blood in a Resting Adult. 

• What anatomieal faet allovvs the veins to eontain so much more 
blood than the arteries do? 
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saphenous veins of the leg. Medium veins have a tunica media 
of loosely organized bundles of smooth muscle intermpted by 
regions of collagenous, reticular, and elastie tissue. The tunica 
externa is relatively thiek. 

Many medium veins, espeeially in the limbs, exhibit infold- 
ings of the tunica interna that meet in the middle of the lumen, 
forming venous valves direeted toward the heart (fig. 21.11). 
The pressure in the veins is not high enough to push all of the 
blood upward against the pull of gravity in a standing or sitting 
person. The upward flow of blood in these vessels depends 
partly on the massaging aetion of skeletal muscles and the 
ability of these valves to keep the blood from dropping down 
again when the muscles relax. When the muscles surrounding 
a vein eontraet, they foree blood through the valves. The pro- 
pulsion of blood by muscular massaging, aided by the venous 
valves, is a meehanism of blood flow ealled the skeletal muscle 
pump. Varieose veins result in part from failure of the valves 
(see Deeper Insight 21.2). Such valves are absent from very 
small and large veins, veins of the abdominal eavity, and veins 
of the brain. 

4. Venous sinuses are veins with espeeially thin walls, large 
himens, and no smooth muscle. Examples include the 
eoronary sinus of the heart and the dural sinuses of the brain. 
Unlike other veins, they are not eapable of vasomotion. 


5. Large veins have diameters greater than 10 mm. They have 
some smooth muscle in all three tunics. The tunica media 
is relatively thin with only a moderate amount of smooth 
muscle; the tunica externa is the thiekest layer and eontains 
longitudinal bundles of muscle. Large veins include the 
venae eavae, pulmonary veins, internal jugular veins, and 
renal veins. 


To heart 



Valve open 


Venous 

blood 


Valve elosed 



(a) Contracted skeletal muscles (b) Relaxed skeletal muscles 


Figure 21.11 The Skeletal Muscle Pump. (a) Muscle eontraetion 
squeezes the deep veins and forees blood through the next valve in the 
direetion of the heart. Valves belowthe point of eompression prevent 
backflow. (b) When the muscles relax, blood flows baek downward under 
the pull of gravity but ean flow only as far as the nearest valve. 


Apply What You Know 

Why would venous valves be unnecessary in the jugular veins 
of the neek? 


Circulatory Routes 

The simplest and most eommon route of blood flow is heart->■ 

arteries ->■ eapillaries -*■ veins ->■ heart. Blood usually 

passes through only one network of eapillaries from the time it 
leaves the heart until the time it returns (fig. 21.12a), but there are 
exceptions, notably portal systems and anastomoses. 

A portal system (fig. 21.12b) is a route in which blood flows 
through two eapillary beds—one after the other—before return- 
ing to the heart. For example, in the hepatie portal system , the 
blood pieks up nutrients from a eapillary bed in the small intestine, 
then flows through a series of veins to the liver, where there is a 
seeond eapillary bed (the liver sinusoids in fig. 21.7). The blood 
unloads some nutrients here, pieks up substances produced by the 
liver eells, and then flows to the heart. Other portal systems occur 
in the kidneys (ehapter 25) and eonneeting the hypothalamus to the 
anterior pituitary gland (ehapter 18). 

An anastomosis is a point where two veins or arteries 
merge without intervening eapillaries. In an arteriovenous 
anastomosis (shunt), blood flows from an artery direetly into a 
vein (fig. 21.12c). Shunts occur in the fingers, palms, toes, and 
ears, where they reduce heat loss in eold weather by allowing 
warm blood to bypass these exposed surfaces. Unfortunately, this 
makes these blood-deprived areas more susceptible to frostbite. 
In an arterial anastomosis, two arteries merge, providing eollat- 
eral (alternative) routes of blood supply to a tissue (fig. 21.12e). 
Those of the eoronary circulation were mentioned in ehapter 20 
(page 551). They are also eommon around joints where move- 
ment may temporarily eompress an artery and obstmet one path- 
way. Venous anastomoses, where one vein empties direetly into 
another, are the most eommon. They provide several alternative 


DEEPER INSIGHT 



Varieose Veins 

ln people who stand for long periods, such as barbers and eashiers, 
blood tends to pool in the lower limbs and streteh the veins. This 
is espeeially true of superficial veins, which are not surrounded by 
supportive tissue. Stretehing pulls the cusps of the venous valves 
farther apart until they beeome ineapable of sealing the vessel and 
preventing the backflow of blood. As the veins beeome further 
distended, their walls grow weak, and they develop into varìeose 
veins with irregular dilations and twisted pathways. Obesity and 
pregnaney also promote development of varieose veins by putting 
pressure on large veins of the pelvie region and obstmeting drain- 
age from the limbs. Varieose veins sometimes develop because 
of hereditary weakness of the valves. With less drainage of blood, 
tissues of the leg and foot may beeome edematous and painful. 
Hemorrhoids are varieose veins of the anal eanal. 
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Figure 21.12 Variations in 

Circulatory Pathways. 

After studying tobles 21.1 through 
21.11, identify speeifie sites ofthree 
orteriol onostomoses ond three 
venous onostomoses. 


(a) Simplest pathway 

(1 eapillary bed) 


(b) Portal system 

(2 eapillary beds) 


(e) Arteriovenous 
anastomosis 

(shunt) 




(d) Venous 
anastomoses 


(e) Arterial 
anastomoses 


routes of drainage from an organ, so bloekage of a vein is rarely 
as life-threatening as bloekage of an artery. Several arterial and 
venous anastomoses are deseribed later in this ehapter. 


Before You Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

1. Namethethreetunics of a typieal blood vessel, and explain 
how they differ from eaeh other. 

2. Contrast the tunica media of a conducting artery, arteriole, 
and venule, and explain how the histologieal differenees are 
related to the functional differenees between these vessels. 

3. Deseribe the differenees between a continuous eapillary, a 
fenestrated eapillary, and a sinusoid. 

4. Deseribe the differenees between a medium vein and a 
medium (distributing or muscular) artery. State the func- 
tional reasons for these differenees. 

5. Contrast an anastomosis and a portal system with the more 
typieal pathway of blood flow. 

6. Deseribe three routes by which blood-borne substances 
ean pass through a eapillary wall into the tissue fluid. 




The Pulmonary Circuit 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. traee the route of blood through the pulmonary circuit; 
and 

b. explain the anatomieal and functional differenees between 
the pulmonary and systemie blood supplies to the lungs. 


The remainder of this ehapter eenters on the names and path- 
ways of the prineipal arteries and veins. The pulmonary circuit is 
deseribed here; the seetion after this eoneerns the systemie arteries 
and veins of the axial region (head, neek, thoraeie, and abdomino- 
pelvie regions); and the seetion following that eoneerns the sys- 
temie arteries and veins of the appendicular region (the limbs). 

The pulmonary circuit (fig. 21.13) is the only route in the body 
where the arteries earry oxygen-poor blood and the veins earry 
oxygen-rich blood; the opposite eondition prevails in the sys- 
temie circuit. The purpose of the pulmonary circuit is primarily 
to exchange C0 2 for 0 2 . The lungs also reeeive a separate sys- 
temie blood supply by way of the bronehial arteries (see part 1.1 
in table 21.4). 

The pulmonary circuit begins with the pulmonary trunk, 
a large vessel that aseends diagonally from the right ventriele 
and branehes into the right and left pulmonary arteries. As 
it approaehes the lung, the right pulmonary artery branehes in two, 
and both branehes enter the lung at a medial indentation ealled 
the hilum (see fig. 23.9, p. 640). The upper braneh is the superior 
lobar artery, serving the superior lobe of the lung. The lower 
braneh divides again within the lung to form the middle lobar 
and inferior lobar arteries, supplying the lower two lobes of that 
lung. The left pulmonary artery is much more variable. It gives off 
several superior lobar arteries to the superior lobe before entering 
the hilum, then enters the lung and gives off a variable number of 
inferior lobar arteries to the inferior lobe. 

In both lungs, these arteries lead ultimately to small basketlike 
eapillary beds that surround the pulmonary alveoli (air saes). This 
is where the blood unloads C0 2 and pieks up 0 2 . After leaving the 
alveolar eapillaries, the pulmonary blood flows into venules and 
veins, ultimately leading to the main pulmonary veins that exit 
the lung at the hilum. The left atrium of the heart reeeives two 
pulmonary veins on eaeh side (see fig. 20.3b, p. 542). 


Before You Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

1. Traee the flow of an RBC from right ventriele to left atrium, 
naming the vessels along the way. 

8. Eaeh lung has two separate arterial supplies. Explain their 
functions. 
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Figure 21.13 The Pulmonary Circulation. (a) Gross anatomy. (b) Mieroseopie anatomy of the blood vessels that supply the pulmonary alveoli. All 
alveoli are surrounded by a basketlike mesh of eapillaries; to show the alveoli, this drawing omits the eapillaries from some of them. 



Systemie Vessels 
ofthe Axial Region 


Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. identify the prineipal systemie arteries and veins of the 
axial region; and 

b. traee the flow of blood from the heart to any major 
organ of the axial region and baek to the heart. 


The systemie circuit (figs. 21.14 and 21.15) supplies oxygen 
and nutrients to all organs and removes their metabolie wastes. 
Part of it, the eoronary circulation, was deseribed in ehapter 20. 


This seetion surveys the remaining arteries and veins of the axial 
region—the head, neek, and trunk. Tables 21.1 through 21.7 traee 
the arterial outflow and venous return, region by region. They out- 
line only the most eommon circulatory pathways; there is a great 
deal of anatomieal variation in the circulatory system from one 
person to another. 

The names of the blood vessels often deseribe their loeation 
by indieating the body region traversed (as in axillary artery 
and braehial vein ), an adjaeent bone (as in temporal artery and 
ulnar vein ), or the organ supplied or drained by the vessel (as in 
hepatie artery and renal vein). In many eases, an artery and adja- 
eent vein have similar names (femoral artery and femoral vein, 
for example). 

As you traee blood flow in these tables, it is important to refer 
frequently to the illustrations. Verbal deseriptions alone may often 
seem obscure if you do not make full use of the aeeompanying 
explanatory illustrations. 
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Vertebral a. 


Siibelavian a. 


Superficial temporal a 
Faeial a. 

External earotid a. 
Internal earotid a. 
Common earotid a. 
Braehioeephalie trunk 
Subclavian a. 


Axillary a. 


Aortie areh 


Internal thoraeie a. 


Subscapular a. 


Deep braehial a. 


Braehial a. 


Radial eollateral a 


Superior ulnar 
eollateral a. 


Aorta 


Radial a. 


(Jlnar a. 


lnterosseous aa. 
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Palmar 
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Common hepatie a. 
Splenie a. 

Renal aa. 

Superior mesenterie a 
Gonadal a. 

Inferior mesenterie a. 
Common iliae a. 
Internal iliae a. 
External iliae a. 


Anterior tibial a. 


Posterior tibial a. 


Fibular a. 
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Figure 21.14 The Major Systemie Arteries (Anterior View). Different arteries are illustrated on the left than on the right for elarity, but nearly all 
of those shown occur on both sides. (a. = artery; aa. = arteries) 
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Figure 21.15 The Major Systemie Veins (Anterior View). Different veins are illustrated on the left than on the right for elarity, but nearly all of 
those shown occur on both sides. (v. = vein; vv. = veins) 
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TABLE 21.1 The Aorta and Its Major Branehes 


All systemie arteries arise from the aorta, which has three prineipal regions 

(fig. 21.16): 

1. The aseending aorta rises for about 5 em above the left 
ventriele. Its only branehes are the eoronary arteries, which 
arise behind two cusps of the aortie valve. They are the 
origins of the eoronary circulation deseribed in ehapter 20. 

2. The aortie areh curves to the left like an inverted U superior 
to the heart. It gives off three major arteries in this order: 
the braehioeephalie 5 (BRAY-kee-oh-seh-FAL-ie) trunk, left 
eommon earotid (eah-ROT-id) artery, and left subclavian 6 
(sub-CLAY-vee-un) artery. These are further traeed in 
tables 21.2 and 21.8. 

3. The deseending aorta passes downward posterior to the 
heart, at first to the left of the vertebral column and then 
anterior to it, through the thoraeie and abdominal eavities. 

It is ealled the thoroeie oorto above the diaphragm and the 
obdominol oorto below it. It ends in the lower abdominal 
eavity by forking into the right and left eommon ilioe orteries 
(see table 21.6, part IV). 


R. eommon 
earotid a. 


R. subclavian a. 


Braehioeephalie 


Diaphragm 


Aortie hiatus 



L. eommon 
earotid a. 


L. subclavian a. 


Aortie areh 


Aseending 

aorta 


R. eoronary a. 


Deseending 
aorta, thoraeie 
(posterior to 
heart) 


Deseending 

aorta, 

abdominal 


Figure 21.16 The Thoraeie Aorta. (L. = left; R. = right; a. = artery) 

APIR 


TABLE 21.2 Arteries of the Head and Neek 


I. Origins of the Head-Neek Arteries 

The head and neek reeeive blood from four pairs of arteries (fig. 21.17): 

1. The eommon earotid arteries. Shortly after leaving the aortie areh, the braehioeephalie trunk divides into the right subclovion ortery 
(further traeed in table 21.4) and right eommon earotid artery. A little farther along the aortie areh, the left eommon earotid artery arises 
independently. The eommon earotids pass up the anterolateral region of the neek, alongside the traehea (see part II of this table). 

2. The vertebral arteries. These arise from the right and left subclavian arteries and travel up the neek through the transverse foramina of 
vertebrae C1 through C6. They enter the eranial eavity through the foramen magnum (see part III of this table). 

3. The thyroeervieal 7 trnnks. These tiny arteries arise from the subclavian arteries lateral to the vertebral arteries; they supply the thyroid gland 
and some scapular muscles. 

4. The eostoeervieal 8 trnnks. These arteries arise from the subclavian arteries a little farther laterally. They supply the deep neek muscles and 
some of the intereostal muscles of the superior rib eage. 


5 brachio = arm; eephal = head 

6 sub = below; elavi = elaviele, eollarbone 

7 thyro = thyroid gland; eerv = neek 

8 costo = rib 
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TABLE 21.2 


Arteries of the Head and Neek (continued) 
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(a) Lateral view 


(b) Anterior view, blood-flow sehematie 


Figure 21.1" Superficial (Extracranial) Arteries of the Head and Neek. The upper part of the sehematie (b) depiets the eerebral circulation in 
figure 21.18. (a. = artery; aa. = arteries) APlR 


II. Continuation of the Common Carotid Arteries 

The eommon earotid arteries have the most extensive distribution of all the head-neek arteries. Near the laryngeal prominenee (“Adam’s apple”), 
eaeh eommon earotid branehes into an externol and internol eorotid ortery. 

1. The external earotid artery aseends the side of the head external to the cranium and supplies most external head structures except the 
orbits. It gives rise to the follovving arteries in aseending order: 

a. the superior thyroid artery to the thyroid gland and larynx; 

b. the lingual artery to the tongue; 

e. the faeial artery to the skin and muscles of the faee; 

d. the oeeipital artery to the posterior sealp; 

e. the maxillary artery to the teeth, maxilla, oral eavity, and external ear; and 

f. the superficial temporal artery to the ehevving muscles, nasal eavity, lateral aspeet of the faee, most of the sealp, and the dura mater. 

2. The internal earotid artery passes medial to the angle of the mandible and enters the eranial eavity through the earotid eanal of the 
temporal bone. It supplies the orbits and about 80% of the cerebrum. Compressing the internal earotids near the mandible ean therefore 
cause loss of consciousness. After entering the eranial eavity, eaeh internal earotid gives rise to the follovving branehes: 

a. the ophthalmie artery to the orbit, nose, and forehead; 

b. the anterior eerebral artery to the medial aspeet of the eerebral hemisphere (see part IV of this table); and 

e. the middle eerebral artery, vvhieh travels in the lateral sulcus of the eerebmm, supplies the insula, and then issues numerous branehes to 
the lateral region of the frontal, temporal, and parietal lobes of the brain. 
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TABLE 21.2 Arteries of the Head and Neek (continued) 


III. Continuation of the Vertebral Arteries 

The vertebral arteries give rise to small branehes that supply the spinal eord and its meninges, the eervieal vertebrae, and deep muscles of the 
neek. They then enter the foramen magnum, supply the eranial bones and meninges, and eonverge to form a single basilar artery along the 
anterior aspeet of the brainstem. Branehes of the basilar artery supply the cerebellum, pons, and inner ear. At the pons-midbrain junction, the 
basilar artery divides and flovvs into the eerebrol orterial eirele, deseribed next. 

IV. The Cerebral Arterial Circle 

Blood supply to the brain is so eritieal that it is furnished by several arterial anastomoses, espeeially an array of arteries ealled the eerebral 
arterial eirele (eirele of VVillis 9 ), vvhieh surrounds the pituitary gland and optie ehiasm (fig. 21.18). The eirele reeeives blood from the internal 
earotid and basilar arteries. Most people laek one or more of its eomponents; only 20% have a eomplete arterial eirele. Knovvledge of the 
distribution of the arteries arising from the eirele is emeial for understanding the effeets of blood elots, aneurysms, and strokes on brain function. 
The anterior and posterior eerebral arteries deseribed here and the middle eerebral artery deseribed in part II provide the most signifieant blood 
supplies to the cerebrum. Refer to ehapter 15 for reminders of the relevant brain anatomy. 

1. Tvvo posterior eerebral arteries arise from the basilar artery and svveep posteriorly to the rear of the brain, serving the inferior and medial 
regions of the temporal and oeeipital lobes as vvell as the midbrain and thalamus. 

2. Tvvo anterior eerebral arteries arise from the internal earotids, travel anteriorly, and then areh posteriorly over the corpus callosum as far as 
the posterior limit of the parietal lobe. They give off extensive branehes to the frontal and parietal lobes. 

3 The single anterior communicating artery is a short anastomosis betvveen the right and left anterior eerebral arteries. 

4 The tvvo posterior communicating arteries are small anastomoses betvveen the posterior eerebral and internal earotid arteries. 


Cerebral arterial eirele 

Anterior 
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Anterior 
eerebral a. 


Posterior- 

communicating a. 
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eerebral a. 
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Vertebral a 
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(a) Inferior view 


Caudal 



Internal earotid a. 
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Middle eerebral a 


Cerebellar aa.: 
Superior 
Anterior inferior 
Posterior inferior 


Posterior eerebral a. 




Anterior 
eerebral a 


(b) Median seetion 


Figure 21.18 Cerebral Circulation. (a) Inferior vievv of the brain shovving the blood supply to the brainstem, cerebellum, and eerebral arterial 
eirele. (b) Median seetion of the brain shovving the more distal branehes of the anterior and posterior eerebral arteries. Branehes of the middle 


eerebral artery are distributed over the lateral surface of the eerebmm (not illustrated). 



R 


9 Thomas Willis (1621-75), English anatomist 
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CHAPTER TWENTY-ONE 


The Circulatory System III: Blood Vessels 


TABLE 21.3 Veins of the Head and Neek 


The head and neek are drained mainly by three pairs of veins—the internoljugulor, externoljugulor, and vertebrol veins. We will traee these from 
their origins to the subclovion veins. 

I. Diiral Venous Sinuses 

After blood circulates through the brain, it eolleets in large thin-walled veins ealled dural venous sinuses— blood-filled spaees between the layers of the 
dura mater (fig. 21.19a, b). A reminder of the structure of the dura mater will be helpful in understanding these sinuses. This tough membrane between 
the brain and eranial bone has a periosteal layer against the bone and a meningeal layer againstthe brain. In a few plaees, a spaee exists between 
these layers to aeeommodate a blood-eolleeting sinus. Between the two eerebral hemispheres is a vertieal, siekle-shaped wall of dura ealled the folx 
eerebri, which eontains two of the sinuses. There are about 13 dural venous sinuses in all; we survey only the few most prominent ones here. 

1. The superior sagittal sinus is eontained in the superior margin of the falx eerebri and overlies the longitudinal fissure of the brain (fig. 21.19a; see 
also figs. 15.3 and 15.5, pp. 402 and 405). It begins anteriorly near the erista galli of the skull and extends posteriorly to the very rear of the head, 
ending atthe level of the posterior oeeipital protuberance of the skull. Here it bends, usually to the right, and drains into a tronsverse sinus. 

2. The inferior sagittal sinus is eontained in the inferior margin of the falx eerebri and arehes over the corpus callosum, deep in the longitudinal 
fissure. Posteriorly, it joins the greot eerebrol vein, and their union forms the straight sinus, which continues to the rear of the head (see 

fig. 15.5). There, the superior sagittal and straight sinuses meet in a spaee ealled the confluence of the sinuses. 

3. Right and left transverse sinuses lead away from the confluence and eneirele the inside of the oeeipital bone, leading toward the ears (fig. 21.19b); 
their path is marked by grooves on the inner surface of the oeeipital bone (see fig. 7.5b, p. 157). The righttransverse sinus reeeives blood mainly from 
the superior sagittal sinus, and the left one drains mainly the straight sinus. Laterally, eaeh transverse sinus makes an S-shaped bend, the sigmoid 
sinus, then exits the cranium through thejugular foramen. From here, the blood flows down the internal jugular vein (see part 11.1 ofthis table). 

4. The cavernous sinuses are honeyeombs of blood-filled spaees on eaeh side of the body of the sphenoid bone (fig. 21.19b). They reeeive 
blood from the superior ophtholmie vein of the orbit and the superficiol middle eerebrol vein of the brain, among other sources. They drain 
through several outlets including the transverse sinus, internal jugular vein, and faeial vein. They are elinieally important because infeetions 
ean pass from the faee and other superficial sites into the eranial eavity by this route. Also, inflammation of a cavernous sinus ean injure 
important structures that pass through it, including the internal earotid artery and eranial nerves III to VI. 

II. Major Veins of the Neek 

Blood flows down the neek mainly through three veins on eaeh side, all of which empty into the subclavian vein (fig. 21.19c). 

1. The internal jugular 10 (JUG-you-lur) vein courses down the neek deep to the sternoeleidomastoid muscle. It reeeives most of the blood 
from the brain, pieks up blood from the faeial vein, superficial temporal vein, and superior thyroid vein along the way, passes behind the 
elaviele, and empties into the subclavian vein (which is further traeed in table 21.5). 

2. The external jugular vein courses down the side of the neek superficial to the sternoeleidomastoid muscle and also empties into the 
subclavian vein. It drains tributaries from the parotid salivary gland, faeial muscles, sealp, and other superficial structures. Some of this blood 
also follows venous anastomoses to the internal jugular vein. 

3. The vertebral vein travels with the vertebral artery in the transverse foramina of the eervieal vertebrae. Although the eompanion artery leads 
to the brain, the vertebral vein does not eome from there. It drains the eervieal vertebrae, spinal eord, and some of the small deep muscles 
of the neek, and empties into the subclavian vein. 

Table 21.5 traees this blood flow the rest of the way to the heart. 




PER INSIGHT 



Air Embolism 

lnjury to the dural sinuses or jugular veins presents less danger 
from loss of blood than from air sucked into the circulatory system. 
The presenee of air in the bloodstream is ealled air embolism. This 
is an important eoneern to neurosurgeons, who sometimes oper- 
ate with the patient in a sitting position. If a dural sinus is punc- 
tured, air ean be sucked into the sinus and accumulate in the heart 
ehambers, which bloeks eardiae output and causes sudden death. 
Smaller air bubbles in the systemie circulation ean cut off blood 
flow to the brain, lungs, myocardium, and other vital tissues. 


w jugul = neek, throat 
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TABLE 21.3 


Veins of the Head and Neek (continued) 
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(a) Dural venous sinuses, medial view 


(b) Dural venous sinuses, inferior view 


Figure 21.19 Veins of the Head and 

Neek. (a) Dural venous sinuses seen in a 
median seetion of the eerebmm. (b) Dural 
venous sinuses seen in an inferior view of 
the eerebmm. (e) Superficial (extracranial) 
veins of the head and neek. APIR 
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TABLE 21.4 Arteries of the Thorax 


The thorax is supplied by several arteries arising direetly from the aorta (parts I and II of this table) and from the subclavian and axillary arteries 
(part III). The thoraeie aorta begins distal to the aortie areh and ends at the aortie hiatus (hy-AY-tus), a passage through the diaphragm. Along the 
way, it sends off numerous small branehes to the thoraeie viseera and the body wall (fig. 21.20). 

I. Viseeral Branehes of the Thoraeie Aorta 

These supply the viseera of the thoraeie eavity: 

1. Bronehial arteries. Although variable in number and arrangement, there are usually two of these on the left and one on the right. The right 
bronehial artery usually arises from one ofthe left bronehial arteries or from a posterior intereostol ortery {see part 11.1). The bronehial arteries 
supply the bronehi, bronehioles, and larger blood vessels of the lungs, the viseeral pleura, the pericardium, and the esophagus. 

2. Esophageal arteries. Four or five unpaired esophageal arteries arise from the anterior surface of the aorta and supply the esophagus. 

3. Mediastinal arteries. Many small mediastinal arteries (not illustrated) supply structures of the posterior mediastinum. 


Vertebral a.- 

Thyroeervieal trunk 

Costocervical trunk 

Thoraeoaeromial — 
trunk 

Subscapular a.- 


Lateral thoraeie a. 


Anterior- 

intereostal aa. 

Internal thoraeie a. 



Common earotid aa. 
Braehioeephalie trunk 

L. subclavian a. 

Aortie areh 

Perieardiophrenie a. 
Bronehial aa. 
Deseending aorta 

Posterior intereostal aa. 
Subcostal a. 

Esophageal aa. 


(a) Major arteries 


Vertebral a. 
Thyroeervieal trunk 


R. subclavian a. 


Costocervical trunk 


Internal thoraeie a. 


Subscapular a. 
Lateral thoraeie a. 


Thoraeoaeromial trunk 


Anterior intereostal aa. 



R. eommon earotid a 
L. eommon earotid a. 

L. subclavian a. 


Perieardiophrenie a. 


Bronehial aa. 


Posterior intereostal aa 


Esophageal aa. 


Subcostal a. 


Figure 21.20 ArteriesoftheThorax. APl R 


(b) Blood-flow sehematie 




































































































TABLE 21.4 


Arteries of the Thorax (eontirmed) 


II. Parietal Branehes of the Thoraeie Aorta 

The following branehes supply ehiefly the muscles, bones, and skin of the ehest wall; only the first are illustrated: 

1. Posterior intereostal arteries. Nine pairs of these arise from the posterior surface of the aorta and course around the posterior side of 
the rib eage between ribs 3 through 12, then anastomose with the onterior intereostol orteries (see part 111.1 in this table). They supply the 
intereostal, peetoralis, serratus anterior, and some abdominal muscles, as well as the vertebrae, spinal eord, meninges, breasts, skin, and 
subcutaneous tissue. They are enlarged in laetating women. 

2. Subcostal arteries. A pair of these arise from the aorta inferior to the twelfth rib. They supply the posterior intereostal tissues, vertebrae, 
spinal eord, and deep muscles of the baek. 

3. Superior phrenie 11 (FREN-ie) arteries (not illustrated). These arteries, variable in number, arise at the aortie hiatus and supply the superior and 
posterior regions of the diaphragm. 

III. Branehes of the Subclavian and Axillary Arteries 

The thoraeie wall is also supplied by the following arteries, which arise in the shoulder region—the first one from the subclavian artery and the 
other three from its continuation, the axillary artery: 

1. The internal thoraeie (mammary) artery supplies the breast and anterior thoraeie wall and issues the following branehes: 

a. The perieardiophrenie artery supplies the pericardium and diaphragm. 

b. The anterior intereostal arteries arise from the thoraeie artery as it deseends alongside the sternum. They travel between the ribs, 
supply the ribs and intereostal muscles, and anastomose with the posterior intereostal arteries. Eaeh of these sends one braneh along the 
lower margin of the rib above and another braneh along the upper margin of the rib below. 

2. The thoraeoaeromial 12 (THOR-uh-co-uh-CRO-me-ul) trunk provides branehes to the superior shoulder and peetoral regions. 

3. The lateral thoraeie artery supplies the peetoral, serratus anterior, and subscapularis muscles. It also issues branehes to the breast and is 
larger in females than in males. 

4. The subscapular artery is the largest braneh of the axillary artery. It supplies the scapula and the latissimus dorsi, serratus anterior, teres 
major, deltoid, trieeps braehii, and intereostal muscles. 


TABLE 21.5 Veins of the Thorax 


I. Tribiitaries of the Superior Vena Cava 

The most prominent veins of the upper thorax are as follows. They earry blood from the shoulder region to the heart (fig. 21.21). 

1. The subclavian vein drains the upper limb (see table 21.9). It begins at the lateral margin of the first rib and travels posterior to the elaviele. It 
reeeives the external jugular and vertebral veins, then ends where it reeeives the internal jugular vein. 

2. The braehioeephalie vein is formed by union of the subclavian and internal jugular veins. The right braehioeephalie is very short, about 2.5 em, 
and the left is about 6 em long. They reeeive tributaries from the vertebrae, thyroid gland, and upper thoraeie wall and breast, then eonverge to 
form the next vein. 

3. The superior vena eava is formed by the union of the right and left braehioeephalie veins. It travels inferiorly for about 7 em and empties 
into the right atrium of the heart. Its main tributary is the ozygos vein. It drains all structures superior to the diaphragm except the pulmonary 
circuit and eoronary circulation. It also reeeives drainage from the abdominal eavity by way of the azygos system, deseribed next. 

II. The Azygos System 

The prineipal venous drainage of the thoraeie organs is by way of the ozygos (AZ-ih-goss) system (fig. 21.21). The most prominent vein of this 
system is the azygos 13 vein, which aseends the right side of the posterior thoraeie wall and is named for the laek of a mate on the left. It reeeives 
the following tributaries, then empties into the superior vena eava at the level of vertebra T4. 

1. The right aseending lumbar vein drains the right abdominal wall, then penetrates the diaphragm and enters the thoraeie eavity. The azygos 
vein begins where the aseending lumbar vein meets the right subcostal vein beneath rib 12. 

2. The right posterior intereostal veins drain the intereostal spaees. The first (superior) one empties into the right braehioeephalie vein; 
intereostals 2 and 3 join to form a right soperior intereostol vein before emptying into the azygos; and intereostals 4 through 11 eaeh enter 
the azygos vein separately. 

3. The right esophageal, mediastinal, perieardial, and bronehial veins (not illustrated) drain their respeetive organs into the azygos. 

4. The hemiazygos 14 vein aseends the posterior thoraeie wall on the left. It begins where the left aseending lumbar vein, having just penetrated 
the diaphragm, joins the subcostal vein below rib 12. The hemiazygos then reeeives the lower three posterior intereostal veins, esophageal 
veins, and mediastinal veins. At the level of vertebra T9, it erosses to the right and empties into the azygos. 

5. The aeeessory hemiazygos vein deseends the posterior thoraeie wall on the left. It reeeives drainage from posterior intereostal veins 4 
through 8 and sometimes the left bronehial veins. It erosses to the right at the level of vertebra T8 and empties into the azygos vein. 

The left posterior intereostal veins 1 through 3 are the only ones on this side that do not ultimately drain into the azygos vein. The fìrst one usually drains 
direetly into the left braehioeephalie vein. The seeond and third unite to form the left superior intereostol vein, which empties into the left braehioeephalie vein. 


^phren = diaphragm 13 unpaired; from a = without; zygo = union, mate 

u thoraco = ehest; aer = tip; om = shoulder n hemi = half 
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TABLE 21.5 


Veins of the Thorax (continued) 
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Figure 21.21 Venous Drainage of 

the Posterior Wall of the Thorax and 
Abdomen. (a) The azygos system of the 
thoraeie wall. This system provides venous 
drainage from the wall and viseera of the 
thorax, but the viseeral tributaries are not 
illustrated. (b) Blood-flow sehematie of 
thoraeie and abdominal drainage. The 
eomponents above the diaphragm constitute 
the azygos system. There is a great deal of 
individual variation in this pattern. APIR 
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TABLE 21.6 


Arteries of the Abdomen and Pelvie Region 


After passing through the aortie hiatus, the aorta deseends through the abdominal eavity and ends at the level of vertebra L4, where it branehes 
into right and left eommon ilioe orteries. The abdominal aorta is retroperitoneal. 

I. Major Branehes of the Abdominal Aorta 

The abdominal aorta gives off arteries in the order listed here 
(fig. 21.22). Those indieated in the plural are paired right and left, and 
those indieated in the singular are solitary median arteries. 

1. The inferior phrenie arteries supply the inferior surface of the 
diaphragm. They may arise from the aorta, eeliae trunk, or renal 
artery. Eaeh issues two or three small superior suprarenal arteries 
to the ipsilateral adrenal (suprarenal) gland. 

2. The eeliae 15 (SEE-lee-ae) trunk supplies the upper abdominal 
viseera (see part II of this table). 

3. The superior mesenterie artery supplies the intestines (see part III). 

4. The middle suprarenal arteries arise laterally from the aorta, 
usually at the same level as the superior mesenterie artery; they 
supply the adrenal glands. 

5. The renal arteries supply the kidneys and issue a small inferior 
suprarenal artery to eaeh adrenal gland. 

6. The gonadal arteries (ovarian arteries in the female and testicular 
arteries in the male) are long, slender arteries that arise from the 
midabdominal aorta and deseend along the posterior body wall to 
the female pelvie eavity or male scrotum. The gonads begin their 
embryonie development near the kidneys, and the gonadal arteries 
are then quite short. As the gonads deseend to the pelvie eavity, 
these arteries grow and acquire their peculiar length and course. 

7. The inferior mesenterie artery supplies the distal end of the large 
intestine (see part III). 

8. The lumbar arteries arise from the lower aorta in four pairs. They 
supply the posterior abdominal wall (muscles, joints, and skin) and 
the spinal eord and other tissues in the vertebral eanal. 

9. The median saeral artery, a tiny medial artery at the inferior end of the aorta, supplies the sacrum and coccyx. 

10. The eommon iliae arteries arise as the aorta forks at its inferior end. They are further traeed in part IV of this table. 

II. Branehes of the Celiac Trunk 

The eeliae circulation to the upper abdominal viseera is perhaps the most complex route off the abdominal aorta. Because it has numerous 
anastomoses, the bloodstream does not follow a simple linear path but divides and rejoins itself at several points (fig. 21.23). As you study the 
following deseription, loeate these branehes in the figure and identify the points of anastomosis. 

The short, stubby eeliae trunk, barely more than 1 em long, is a median braneh of the aorta just below the diaphragm. It immediately gives rise 
to three branehes—the eommon hepotie, left gostrie, and splenie orteries. 

1. The eommon hepatie artery passes to the right and issues two main branehes—the gastroduodenal artery and the hepatie artery proper. 

a. The gastroduodenal artery gives off the right gastro-omental (gastroepiploie 16 ) artery to the stomaeh. It then continues as the superior 
pancreaticoduodenal (PAN-cree-AT-ih-co-dew-ODD-eh-nul) artery, which splits into two branehes that pass around the anterior and posterior 
sides of the head ofthe panereas. These anastomose with the two branehes of the inferior poncreoticoduodenol ortery, discussed in part 111.1. 

b. The hepatie artery proper aseends toward the liver. It gives off the right gastrie artery, then branehes into right and left hepatie arteries. 
The right hepatie artery issues a eystie artery to the gallbladder, then the two hepatie arteries enter the liver from below. 

2. The left gastrie artery supplies the stomaeh and lower esophagus, ares around the lesser curvoture (superomedial margin) of the stomaeh, and 
anastomoses with the right gastrie artery (fig. 21.23b). Thus, the right and left gastrie arteries approaeh from opposite direetions and supply this 
margin of the stomaeh. The left gastrie also has branehes to the lower esophagus, and the right gastrie also supplies the duodenum. 

3. The splenie artery supplies blood to the spleen, but gives off the following branehes on the way there: 

a. Several small panereatie arteries supply the panereas. 

b. The left gastro-omental (gastroepiploie) artery ares around the greoter curvoture (inferolateral margin) of the stomaeh and anastomoses with 
the right gastro-omental artery. These two arteries stand off about 1 em from the stomaeh itself and travel through the superior margin of the 
greoter omentum, a fatty membrane suspended from the greater curvature (see figs. A.4, p. 334, and 24.3, p. 657). They furnish blood to both 
the stomaeh and omentum. 

e. The short gastrie arteries supply the upper portion (fundus) of the stomaeh. 

15 ce// = belly, abdomen 

^gostro = stomaeh; ep/ = upon, above; p/o/'e = pertaining to the greater omentum 
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Figure 21.22 The Abdominal Aorta and Its Major Branehes 
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TABLE 21.6 


Arteries of the Abdomen and Pelvie Region (continued) 
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(b) Celiac circulation to the stomaeh 
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Figure 21.23 Branehes of the Celiac Trunk. (a) Anatomy of the eeliae 
system with the stomaeh removed to expose the more posterior arteries. 
(b) Arterial supply to the stomaeh. (e) Blood-flow sehematie of the eeliae 
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part four Maintenanee 


TABLE 21.6 Arteries of the Abdomen and Pelvie Region (continued) 


III. Mesenterie Circulation 

The mesentery is a translucent sheet that suspends the intestines and other abdominal viseera from the posterior body wall (see figs. 1.15, p. 19, 
and 24.3, p. 657). It eontains numerous arteries, veins, and lymphatie vessels that supply and drain the intestines. The arterial supply arises from 
the SLiperior and inferior mesenterie orteries; numerous anastomoses between these ensure adequate eollateral circulation to the intestines 
even if one route is temporarily obstmeted. 

The superior mesenterie artery (fig. 21.24a) is the most signifieant intestinal blood supply, serving nearly all of the small intestine and the 
proximal half of the large intestine. It arises medially from the upper abdominal aorta and gives off the following branehes: 

1. The inferior pancreaticoduodenal artery, already mentioned, branehes to pass around the anterior and superior sides of the panereas and 
anastomose with the two branehes of the superior pancreaticoduodenal artery. 

2. Twelve to 15 jejunal and ileal arteries form a fanlike array that supplies nearly all of the small intestine (portions ealled the jejunum and ileum). 

3. The ileoeolie (ILL-ee-oh-CO-lic) artery supplies the ileum, appendix, and parts of the large intestine (cecum and aseending eolon). 

4. The right eolie artery also supplies the aseending eolon. 

5. The middle eolie artery supplies most of the transverse eolon. 

The inferior mesenterie artery arises from the lower abdominal aorta and serves the distal part of the large intestine (fig. 21.24b): 

1. The left eolie artery supplies the transverse and deseending eolon. 

2. The sigmoid arteries supply the deseending and sigmoid eolon. 

3. The superior reetal artery supplies the rectum. 
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Figure 21.24 The Mesenterie Arteries. AFIR 
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CHAPTER TWENTY-ONE 


The Circulatory System III: Blood Vessels 


TABLE 21.6 Arteries of the Abdomen and Pelvie Region (continued) 


IV. Arteries of the Pelvie Region 

The two eommon iliae arteries arise by branehing of the aorta, deseend for another 5 em, and then, at the level of the saeroiliae joint, eaeh 
divides into an external and internal iliae artery. The external iliae supplies mainly the lower limb (see table 21.10). The internal iliae artery 
supplies mainly the pelvie wall and viseera. Its branehes are shown only in sehematie form in figure 21.30. 

Shortly after its origin, the internal iliae divides into anterior and posterior trunks. The anterior trunk produces the following branehes: 

1. The superior vesieal 17 artery supplies the urinary bladder and distal end of the ureter. It arises indireetly from the anterior trunk by way of a 
short umbilical ortery, a remnant ofthe artery that supplies the fetal umbilical eord. The rest of the umbilical artery beeomes a elosed fibrous 
eord after birth. 

2. In men, the inferior vesieal artery supplies the bladder, ureter, prostate gland, and seminal vesiele. In women, the eorresponding vessel is 
the vaginal artery, which supplies the vagina and part of the bladder and rectum. 

3. The middle reetal artery supplies the rectum. 

4. The obturator artery exits the pelvie eavity through the obturator foramen and supplies the adductor muscles of the medial thigh. 

5. The internal pudendal 18 (pyu-DEN-dul) artery serves the perineum and ereetile tissues of the penis and elitoris; it supplies the blood for 
vascular engorgement during sexual arousal. 

6. In women, the uterine artery is the main blood supply to the uterus and supplies some blood to the vagina. It enlarges substantially in 
pregnaney. It passes up the uterine margin, then turns laterally at the uterine tube and anastomoses with the ovarian artery, thus supplying 
blood to the ovary as well (see part 1.6 of table 21.6, and fig. 26.18, p. 722). 

7. The inferior gluteal artery supplies the gluteal muscles and hip joint. 

The posterior trunk produces the following branehes: 

1. The iliolumbar artery supplies the lumbar body wall and pelvie bones. 

2. The lateral saeral arteries lead to tissues of the saeral eanal, skin, and muscles posterior to the saemrn. There are usually two of these, 
superior and inferior. 

3. The superior gluteal artery supplies the skin and muscles of the gluteal region and the muscle and bone tissues of the pelvie wall. 


u vesic = bladder 

]8 pudend = literally “shameful parts”; the external genitals 





TABLE 21.7 Veins of the Abdomen and Pelvie Region 


I. Tributaries of the Inferior Vena Cava 

The inferior vena eava (IVC) is the body’s largest blood vessel, having a diameter of about3.5 em. Itforms by the union ofthe right and left 
eommon iliae veins at the level of vertebra L5 and drains many of the abdominal viseera as it aseends the posterior body wall. It is retroperitoneal 
and lies immediately to the right ofthe aorta. The IVC pieks up blood from numerous tributaries in the following aseending order (fig. 21.25): 

1. The internal iliae veins drain the gluteal muscles; the medial aspeet of the thigh, the urinary bladder, rectum, prostate, and ductus deferens 
of the male; and the uterus and vagina of the female. They unite with the externol ilioe veins, which drain the lower limb and are deseribed in 
table 21.11. Their union forms the eommon iliae veins, which then eonverge to form the IVC. 

2. Four pairs of lumbar veins empty into the IVC, as well as into the aseending lumbar veins deseribed in part II. 

3. The gonadal veins (ovarian veins in the female and testicular veins in the male) drain the gonads. Like the gonadal arteries, and for the 
same reason (table 21.6, part 1.6), these are long slender vessels that end far from their origins. The left gonadal vein empties into the left 
renal vein, whereas the right gonadal vein empties direetly into the IVC. 

4. The renal veins drain the kidneys into the IVC. The left renal vein also reeeives blood from the left gonadal and left suprarenal veins. It is up 
to three times as long as the right renal vein, sinee the IVC lies to the right of the median plane of the body. 

5. The suprarenal veins drain the adrenal (suprarenal) glands. The right suprarenal empties direetly into the IVC, and the left suprarenal 
empties into the left renal vein. 

6. The inferior phrenie veins drain the inferior aspeet of the diaphragm. 

7. The hepatie veins drain the liver, extending a short distanee from its superior surface to the IVC. 

After reeeiving these inputs, the IVC penetrates the diaphragm and enters the right atrium ofthe heart from below. It does not reeeive any thoraeie drainage. 


II. Veins of the Abdominal Wall 

A pair of aseending lumbar veins reeeives blood from the eommon iliae veins below and the aforementioned lumbar veins of the posterior body wall 
(see fig. 21.21b). The aseending lumbar veins give off anastomoses with the inferior vena eava beside them as they aseend to the diaphragm. The 
left aseending lumbar vein passes through the diaphragm via the aortie hiatus and continues as the hemiazygos vein above. The right aseending 
lumbar vein passes through the diaphragm to the right of the vertebral column and continues as the azygos vein. The further paths of the azygos and 
hemiazygos veins are deseribed in table 21.5. 
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Figure 21.25 The Inferior Vena Cava and Its Tributaries. Compare the blood-flow sehematie in figure 21.21b. 
Why do the veins thot droin the ovories ond testes terminote so for owoy from the gonods? APIR 
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CHAPTER TWENTY-ONE 


The Circulatory System III: Blood Vessels 


TABLE 21.7 Veins of the Abdomen and Pelvie Region (continued) 


III. The Hepatie Portal System 

The hepatie portal system reeeives all 
of the blood draining from the abdominal 
digestive traet, as well as from the panereas, 
gallbladder, and spleen (fig. 21.26). It is 
ealled a portal system because it eonneets 
eapillaries of the intestines and other 
digestive organs to modified eapillaries 
(hepotie sinusoids) of the liver; thus, the 
blood passes through two eapillary beds 
in series before it returns to the heart. 
Intestinal blood is riehly laden with nutrients 
for a few hours following a meal. The 
hepatie portal system gives the liver first 
elaim to these nutrients before the blood 
is distributed to the rest of the body. It also 
allows the blood to be eleansed of baeteria 
and toxins pieked up from the intestines, an 
important function ofthe liver. Its prineipal 
veins are as follows: 

1. The inferior mesenterie vein reeeives 
blood from the rectum and distal part 
of the eolon. It eonverges in a fanlike 
array in the mesentery and empties 
into the splenie vein. 

2. The superior mesenterie vein reeeives 
blood from the entire small intestine, 
aseending eolon, transverse eolon, 
and stomaeh. It, too, exhibits a fanlike 
arrangement in the mesentery and 
then joins the splenie vein to form the 
hepatie portal vein. 
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(a) Tributaries of the hepatie portal system 


3. The splenie vein drains the spleen and 
travels aeross the abdominal eavity 
toward the liver. Along the way, it pieks 
up panereatie veins from the panereas, 
then the inferior mesenterie vein, then 
ends where it meets the superior 
mesenterie vein. 

4. The hepatie portal vein is the 

continuation beyond the eonvergenee 
of the splenie and superior mesenterie 
veins. It travels about 8 em upward and 
to the right, reeeives the eystie vein 
from the gallbladder, then enters the 
inferior surface of the liver. In the liver, 
it ultimately leads to the innumerable 
mieroseopie hepatie sinusoids. Blood 
from the sinusoids empties into the 
hepatie veins deseribed earlier, and 
they empty into the IVC. Circulation 
within the liver is deseribed in more 
detail in ehapter 24 (p. 676). 

5. The left and right gastrie veins form an 
are along the lesser curvature of the 
stomaeh and empty into the hepatie 
portal vein. 
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(b) Blood-flow sehematie 
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Figure 21.26 The Hepatie Portal System. 
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part four Maintenanee 


Before Yoii Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

9. Concisely eontrast the destinations of the external and 
internal earotid arteries. 

10. Briefly state the organs or parts of organs that are siipplied 

with blood by (a) the eerebral arterial eirele, (b) the eeliae 
trunk, (e) the superior mesenterie artery, and (d) the internal 
iliae artery. 

11. If you were disseeting a eadaver, where would you look for 
the internal and external jugular veins? What muscle would 
help you distinguish one from the other? 

12. Traee a blood eell from the left lumbar body wall to the 

superior vena eava, naming the vessels through which it 
would travel. 

13. Explain thefunctional importanee of having a hepatie portal 

system eonneet eapillaries of the intestines to eapillaries 
of the liver. 




21.4 


^ Systemie Vessels of the 


Appendicular Region 



Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. identify the prineipal systemie arteries and veins of 
the limbs; and 

b. traee the flow of blood from the heart to any region of 
the upper or lower limb and baek to the heart. 


The prineipal vessels of the appendicular region are detailed in 
tables 21.8 through 21.11. While the appendicular arteries are 
usually deep and well proteeted, the veins occur in both deep and 
superficial groups; you may be able to see several of the superficial 
ones in your arms and hands. Deep veins mn parallel to the arteries 
and often have similar names (femoral artery ‘àvAfemoral vein, for 
example). In several eases, the deep veins occur in pairs flanking 
the eorresponding artery (such as the two radial veins traveling 
alongside the radial artery). 

These blood vessels will be deseribed in an order eorrespond- 
ing to the direetion of blood flow. Thus, we will begin with the 
arteries in the shoulder and pelvie regions and progress to the 
hands and feet, whereas we will traee the veins beginning in 
the hands and feet and progressing toward the heart. 

Venous pathways have more anastomoses than arterial path- 
ways, so the route of flow is often not as elear. If all the anastomoses 
were illustrated, many of these venous pathways would look more 
like confusing networks than a elear route baek to the heart. 
Therefore, most anastomoses—espeeially the highly variable and 
unnamed ones—are omitted from the figures to allow you to focus 
on the more general course of blood flow. The blood-flow sehe- 
maties in several figures will also help to elarify these routes. 


TABLE 21.8 Arteries of the Upper Limb 


The upper limb is supplied by a prominent artery that ehanges 
name along its course from subclavian to axillary to braehial, then 
issues branehes to the arm, forearm, and hand (fig. 21.27). 

I. The Shoulder and Arm (Braehiiim) 

1. The braehioeephalie trunk arises from the aortie areh and 
branehes into the right eommon earotid artery and left 
subclavian artery; the right subclavian artery arises direetly 
from the aortie areh. Eaeh subclavian arehes overthe respeetive 
lung, rising as high as the base of the neek slightly superior to 
the elaviele. It then passes posterior to the elaviele, 
downward over the first rib, and ends in name only at the 

rib’s lateral margin. In the shoulder, itgives off several small 
branehes to the thoraeie wall and viseera, deseribed in 
table 21.4. 

2. As the artery continues past the first rib, it is named the axillary 
artery. It continues through the axillary region, gives off small 
thoraeie branehes (see table 21.4), and ends, again in name 
only, at the neek of the humerus. Here, it gives off a pair of 
circumflex humeral arteries, which eneirele the humerus, 
anastomose with eaeh other laterally, and supply blood to the 
shoulder joint and deltoid muscle. Beyond this loop, the vessel 
is ealled the braehial artery. 

3. The braehial (BRAY-kee-ul) artery continues down the medial 
and anterior sides of the humerus and ends just distal to the 
elbow, supplying the anterior flexor muscles of the brachium 
along the way. This artery is the most eommon site of blood 
pressure measurement, using an inflatable cuff that eneireles 
the arm and eompresses the artery. 

4. The deep braehial artery arises from the proximal end of 
the braehial and supplies the humerus and trieeps braehii 
muscle. About midway down the arm, it continues as the radial 
eollateral artery. 

5. The radial eollateral artery deseends in the lateral side of 
the arm and empties into the radial artery slightly distal to the 
elbow. 

6. The superior ulnar eollateral artery arises about midway 
along the braehial artery and deseends in the medial side 

of the arm. It empties into the ulnar artery slightly distal to the 
elbow. 

II. The Forearm, Wrist, and Hand 

Just distal to the elbow, the braehial artery forks into the radial and 
ulnar arteries. 

1. The radial artery deseends the forearm laterally, alongside 
the radius, nourishing the lateral forearm muscles. The most 
eommon plaee to take a pulse is at the radial artery just 
proximal to the thumb. 

2. The ulnar artery deseends medially through the forearm, 
alongside the ulna, nourishing the medial forearm 
muscles. 











TABLE 21.8 Arteries of the llpper Limb (eontirmed) 


3. The interosseous 19 arteries of the forearm lie betvveen the radius and ulna. They begin vvith a short eommon interosseous artery branehing from 
the upper end of the ulnar artery. The eommon interosseous quickly divides into anterior and posterior branehes. The anterior interosseous artery 
travels dovvn the anterior side of the interosseous membrane, nourishing the radius, ulna, and deep fiexor muscles. It ends distally by passing 
through the interosseous membrane to join the posterior interosseous artery. The posterior interosseous artery deseends along the posterior side 
ofthe interosseous membrane and nourishes mainly the superficial extensor muscles. 

4. Tvvo U-shaped palmar arehes arise by anastomosis of the radial and ulnar arteries at the vvrist. The deep palmar areh is fed mainly by the 
radial artery and the superficial palmar areh mainly by the ulnar artery. The arehes issue arteries to the palmar region and fingers. 


Figure 21.27 Arteries of the Upper Limb. 
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19 /'r?fer = betvveen; osse = bones 
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part four Maintenanee 


TABLE 21.9 Veins of the Upper Limb 


Both superficial and deep veins drain the upper limb, ultimately leading to axillary and subclavian veins that parallel the arteries of the same names 
(fig. 21.28). The superficial veins are often externally visible and are larger in diameter and earry more blood than the deep veins. 

I. Superficial Veins 

1. The dorsal venous network is a plexus of veins often visible through the skin on the baek of the hand; it empties into the major superficial 
veins of the forearm, the eephalie and basilie. 

2. The eephalie 20 (sef-AL-ie) vein arises from the lateral side of the netvvork, travels up the lateral side of the forearm and arm to the shoulder, 
and joins the axillary vein there. lntravenous fluids are often administered through the distal end of this vein. 

3. The basilie 21 (bah-SIL-ie) vein arises from the medial side of the netvvork, travels up the posterior side of the forearm, and continues into the 
arm. It turns deeper about midvvay up the arm and joins the braehial vein at the axilla (see part 11.4 of this table). 

As an aid to remembering vvhieh vein is eephalie and vvhieh is basilie, visualize your arm held straight avvay from the torso (abducted) vvith 
the thumb up, like the orientation of the embryonie limb bud. The eephalie vein runs along the upper side of the arm eloser to the head (as 
suggested by eephol, “head”), and the name bosilie is suggestive of the lovver (basal) side of the arm (although not named for that reason). 

4. The median cubital vein is a short anastomosis betvveen the eephalie and basilie veins that obliquely erosses the cubital fossa (anterior 
bend of the elbovv). It is often elearly visible through the skin and is the most eommon site for dravving blood. 

5. The median antebraehial vein drains a netvvork of blood vessels in the hand ealled the superficial palmar venous network. It travels up the 
medial forearm and terminates at the elbovv, emptying variously into the basilie vein, median cubital vein, or eephalie vein. 

II. Deep Veins 

1. The deep and superficial venous palmar arehes reeeive blood from the fingers and palmar region. They are anastomoses that join the 
radial and ulnar veins. 

2. Tvvo radial veins arise from the lateral side of the palmar arehes and course up the forearm alongside the radius. Slightly distal to the elbovv, 
they eonverge and give rise to one of the braehial veins deseribed shortly. 

3. Tvvo ulnar veins arise from the medial side of the palmar arehes and course up the forearm alongside the ulna. They unite near the elbovv to 
form the other braehial vein. 

4. The tvvo braehial veins continue up the brachium, flanking the braehial artery, and eonverge into a single vein just before the axillary region. 

5. The axillary vein forms by the union of the braehial and basilie veins. It begins atthe lovver margin ofthe teres major muscle and passes through 
the axillary region, pieking up the eephalie vein along the vvay. At the lateral margin of the first rib, it ehanges name to the subclavian vein. 

6. The subclavian vein continues into the shoulder posterior to the elaviele and ends vvhere it meets the internal jugular vein of the neek. 

There it beeomes the braehioeephalie vein. The right and left braehioeephalies eonverge and form the superior vena eava, vvhieh empties 
into the right atrium of the heart. 


DEEPER INSIGHT 


Central Venous Catheters 



Veins of the upper limb, espeeially in the forearm and baek of the 
hand, are the most eommonly used sites for administration of intra- 
venous (I.V.) drugs and for dravving blood speeimens. Drugs may be 
given here either by syringe or by introvenous connulo (eotheter)— 
a flexible tube usually only a fevv eentimeters long inserted into a 
superficial vein. I.V. cannulas, hovvever, present risks of phlebitis 
(venous inflammation) and sepsis (infeetion), and eannot be left in 
plaee more than 96 hours. 

A eentrol venous eotheter (CVC), or eentrol line, hovvever, ean 
be left in plaee for longer periods, from vveeks to as much as a year. 
The CVC is a long, thin, flexible tube eommonly threaded into the 
eephalie, basilie, braehial, subclavian, or internal jugular vein until 
it reaehes the superior vena eava elose to the right atrium of the 
heart. Because these are deeper veins, CVC insertion is guided by 
bedside ultrasound and the final plaeement of the tip of the eath- 
eter is eonfirmed by X-ray. 


There are various types of CVCs, including the P/CC line 
(peripherolly inserted venous eotheter; pronounced “piek”). PICC 
lines are employed for long-term administration of fluids; nutri- 
ents; antibioties, ehemotherapy, and other drugs; and caustic 
drugs that would cause inflammation in smaller veins. They ean 
be used to administer larger volumes of drugs eompared to 
amounts given by syringe or I.V. eatheter; to ensure that drugs 
are rapidly diluted and quickly distributed throughout the body; 
and for eardiae patients, to administer drugs quickly to the heart. 
They are also used for kidney dialysis, taking frequent blood 
samples, and monitoring eentral venous blood pressure in hospi- 
tal patients. PICC lines also enable outpatients to take I.V. mediea- 
tions at home, usually underthe guidance of a home health-eare 
nurse, for long-term outpatient eare. 


20 cephalic = related to the head 
^basilie = royal, prominent, important 
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CHAPTER TWENTY-ONE 


The Circulatory System III: Blood Vessels 


TABLE 21.9 Veins of the Upper Limb (continued 


Subclavian v. 


Axillary v. 


Cephalic v 


Basilie v. 


Braehial vv. 


Cephalic v. 


Braehial vv. 


Median cubital v 



Jugular vv. 

External 
Internal 
Braehioeephalie vv. 


Superior vena eava 


Lateral 



Medial 



Subclavian v. 


Median 
antebraehial v. 


Radial vv. 


Lllnar vv. 


Cephalic v. 


Basilie v. 


Radial vv. 


Deep venous palmar areh 
Superficial venous palmar areh 

Dorsal venous netvvork 




Superficial veins 
Deep veins 



Internal jugular v. 


Braehioeephalie v. 

| —Superior vena eava 


Axillary v. 


Basilie v. 


Median cubital v. 


Ulnar vv. 


Median antebraehial v 


Superficial palmar 
venous netvvork 
[not shovvn in part (a)] 

Dorsal venous 
netvvork 


Venous palmar 
arehes 


(a) Major veins 


(b) Blood-flow sehematie 


Figure 21.28 Veins of the Upper Limb. Variations on this pattern are highly eommon. Many venous anastomoses are omitted for elarity. 
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part four Maintenanee 


TABLE 21.10 Arteries of the Lower Limb 


As we have already seen, the aorta forks at its lower end into the right and left eommon iliae arteries, and eaeh of these soon divides again into 
an internal and external iliae artery. We traeed the internal iliae artery in table 21.6 (part IV), and we now traee the external iliae as it supplies the 
lower limb (figs. 21.29 and 21.30). 

I. Arteries from the Pelvie Region to the Knee 

1. The external iliae artery sends small branehes to the skin and muscles of the abdominal wall and pelvie girdle, then passes behind the 
inguinal ligament and beeomes the femoral artery. 

2. The femoral artery passes through the femorol triongle of the upper medial thigh, where its pulse ean be palpated (see Deeper Insight 21.5). In the 
triangle, it gives off several small arteries to the skin and then produces the following branehes before deseending the rest of the way to the knee. 

a. The deep femoral artery arises from the lateral side of the femoral, within the triangle. It is the largest braneh and is the major arterial supply 
to the thigh muscles. 

b. Two circumflex femoral arteries arise from the deep femoral, eneirele the head of the femur, and anastomose laterally. They supply 
mainly the femur, hip joint, and hamstring muscles. 

3. The popliteal artery is a continuation of the femoral artery in the popliteal fossa at the rear of the knee. It begins where the femoral artery 
emerges from an opening (odductor hiotus) in the tendon of the adductor magnus muscle and ends where it splits into the onterior and 
posterior tibiol orteries. As it passes through the popliteal fossa, it gives off anastomoses ealled genicular 22 arteries that supply the knee joint. 

II. Arteries of the Leg and Foot 

In the leg proper, the three most signifieant arteries are the anterior tibial, posterior tibial, and fibular arteries. 

1. The anterior tibial artery arises from the popliteal artery and immediately penetrates through the interosseous membrane of the leg to the 
anterior eompartment. There, it travels lateral to the tibia and supplies the extensor muscles. Upon reaehing the ankle, it gives rise to the 
following dorsal arteries of the foot. 

a. The dorsal pedal artery traverses the ankle and upper medial surface of the foot and gives rise to the arcuate artery. 

b. The arcuate artery sweeps aeross the foot from medial to lateral and gives rise to vessels that supply the toes. 

2. The posterior tibial artery is a continuation of the popliteal artery that passes down the leg, deep in the posterior eompartment, supplying 
flexor muscles along the way. Inferiorly, it passes behind the medial malleolus of the ankle and into the plantar region of the foot. It gives rise 
to the following: 

a. The medial and lateral plantar arteries originate by bifurcation of the posterior tibial artery at the ankle. The medial plantar artery supplies 
mainly the great toe. The lateral plantar artery sweeps aeross the sole of the foot and beeomes the deep plantar areh. 

b. The deep plantar areh gives off another set of arteries to the toes. 

3. The fibular (peroneal) artery arises from the proximal end of the posterior tibial artery near the knee. It deseends through the lateral side of 
the posterior eompartment, supplying lateral muscles of the leg along the way, and ends in a network of arteries in the heel. 


22 genic = knee 






TABLE 21.10 


Arteries of the Lower Limb (eontirmed) 


Lateral 



Medial 



Medial 



Lateral 



Circumflex 
femoral aa. 


Deseending 
braneh of 
lateral 
circumflex 
femoral a. 


Genicular 

aa. 


Fibular a 


Anterior 
tibial a. 


Dorsal 
pedal a 


Medial 
tarsal a 


Lateral 
tarsal a 


Arcuate a 



Aorta 


V. 


Common iliae a. 


Internal iliae a. 





External iliae a. 


Inguinal ligament 




Obturator a. 


Femoral a 


Deep femoral a 


Adductor hiatus 


Popliteal a. 


Posterior 
tibial a. 






i 


















Circumflex 
femoral aa 


Deseending 
braneh of 
lateral 
circumflex 
femoral a. 


Genicular 

aa. 


Anterior 
tibial a. 


Fibular a 


Lateral 
plantar a 


Medial 
plantar a 


Deep plantar 
areh 




(a) Anterior view 


(b) Posterior view 


Figure 21.29 Arteries of the Lower Limb. The foot is strongly plantar flexed with the upper surface faeing the viewer in part (a) and the sole 
faeing the viewer in part (b). APIR 
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part four Maintenanee 


TABLE 21.10 Arteries of the Lower Limb (eontirmed) 


Aorta 


Common iliae aa 


External iliae a. 


Femoral a. 


Deep femoral a 


Circumflex 
femoral aa. 


Popliteal a. 


Anterior tibial a. 
Posterior tibial a 


Fibular a. 


Deep plantar areh 



Dorsal pedal a 


Arcuate a. 


Internal iliae a.: 

— Anterior trunk 

— Posterior trunk 

lliolumbar a. 

Lateral saeral aa. 
Superior gluteal a. 

llmbilieal a. 

Superior vesieal a. 
Inferior vesieal a. (male 
Vaginal a. (female) 
Middle reetal a. 
Obturator a. 

Internal pudendal a. 
(Jterine a. (female) 
Inferior gluteal a. 


Figure 21.30 Arterial Sehematie of the Pelvie Region and Lovver Limb. The pelvie sehematie on the right is stretehed for elarity. These 
arteries are not loeated as far inferiorly as the limb arteries depieted on the left. 


Apply What You Know 

There are eertain similarities betvveen the arteries of the 
hand and foot. What arteries of the vvrist and hand are most 
eomparable in arrangement and function to the arcuate artery 
and deep plantar areh of the foot? 
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CHAPTER TWENTY-ONE 


The Circulatory System III: Blood Vessels 


TABLE 21.11 Veins of the Lower Limb 


We will follow drainage of the lower limb from the toes to the inferior vena eava (figs. 21.31 and 21.32). As in the upper limb, there are deep and 

superficial veins with anastomoses between them. Most of the anastomoses are omitted from the illustrations. 

I. Superficial Veins 

1. The dorsal venous areh (fig. 21.31a) is often visible through the skin on the dorsum of the foot. It eolleets blood from the toes and more proximal 
part of the foot, and has numerous anastomoses similar to the dorsal venous network of the hand. It gives rise to the following two veins. 

2. The small (short) saphenous 23 (sah-FEE-nus) vein arises from the lateral side of the areh and passes up that side of the leg as far as the 
knee. There, it drains into the popliteal vein. 

3. The great (long) saphenous vein, the longest vein in the body, arises from the medial side of the areh and travels all the way up the leg and 
thigh to the inguinal region. It empties into the femoral vein slightly inferior to the inguinal ligament. It is eommonly used as a site for the long-term 
administration of intravenous fluids; it is a relatively aeeessible vein in infants and in patients in shoek whose veins have eollapsed. Portions of this vein 
are eommonly used as grafts in eoronary bypass surgery. The great and small saphenous veins are among the most eommon sites of varieose veins. 

II. Deep Veins 

1. The deep plantar venous areh (fig. 21.31 b) reeeives blood from the toes and gives rise to lateral and medial plantar veins on the respeetive sides. 
The lateral plantar vein gives offthe fibularveins, then erosses over to the medial side and approaehes the medial plantar vein. The two plantar veins 
pass behind the medial malleolus of the ankle and continue as a pair of posterior tibiai veins. 

2. The two posterior tibial veins pass up the leg embedded deep in the ealf muscles. They eonverge like an inverted Y into a single vein about 
two-thirds of the way up the tibia. 

3. The two fibular (peroneal) veins aseend the baek of the leg and similarly eonverge like a Y. 

4. The popliteal vein begins near the knee by eonvergenee of these two inverted Ys. It passes through the popliteal fossa atthe baek of the knee. 

5. The two anterior tibial veins travel up the anterior eompartment of the leg between the tibia and fibula (fig. 21.31a). They arise from the medial side 
of the dorsal venous areh, eonverge just distal to the knee, and then flow into the popliteal vein. 

6. The femoral vein is a continuation of the popliteal vein into the thigh. It drains blood from the deep thigh muscles and femur. 

7. The deep femoral vein drains the femur and muscles of the thigh supplied by the deep femoral artery. It reeeives four prineipal tributaries along the 

shaft of the femur and then a pair of circumflex femoral veins that eneirele the upper femur, then finally drains into the upper femoral vein. 

8. The external iliae vein is formed by the union of the femoral and great saphenous veins near the inguinal ligament. 

9. The internal iliae vein follows the course of the internal iliae artery and its distribution. Its tributaries drain the gluteal muscles; the medial 

aspeet of the thigh; the urinary bladder, rectum, prostate, and ductus deferens in the male; and the uterus and vagina in the female. 

10. The eommon iliae vein is formed by the union of the external and internal iliae veins. The right and left eommon iliaes then unite to form the 
inferior vena eava. 


23 sophen = standing 






TABLE 21.11 


Veins of the Lower Limb (continued) 




Lateral 



Medial 



Medial 



Lateral 



Inferior vena eava 




Common iliae v. 


Dorsal- 

venous areh 


Internal iliae v. 


Circumflex 
femoral vv. 




1 


\ 


External iliae v. 


Deep femoral v 


Femoral v. 


Great saphenous v 






Popliteal v. 


Small- 

saphenous v 


Anterior 
tibial vv. 


Superficial veins 


Deep veins 





Circumflex 
femoral vv. 


Anterior tibial v. 


Small 

saphenous v. 


Fibular vv. 


Posterior tibial 
vv. 


Medial plantar v. 

Lateral plantar v. 

Deep plantar 
venous areh 


(a) Anterior view (b) Posterior view 

Figure 21.31 Veins of the Lower Limb. The foot is strongly plantar flexed with the upper surface faeing the viewer in part (a) and the sole 
faeing the viewer in part (b). APl R 
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CHAPTER TWENTY-ONE 


The Circulatory System III: Blood Vessels 


TABLE 21.11 Veins of the Lower Limb (continued) 


Lateral 



Medial 



Common iliae v. 
External iliae v.- 

Internal iliae v. - 


Circumflex 
femoral vv. 


Popliteal v. 



Inferior vena eava 


Femoral v. 

Deep femoral v. 
Great saphenous v. 
Small saphenous v. 


Fibular vv.- 

Posterior tibial vv. 


Lateral plantar v. 



Anterior tibial vv. 



Superficial veins 
Deep veins 


Dorsal venous areh 


Medial plantar v. 

Deep plantar venous areh 


Figure 21.32 Venous Sehematie of the Lovver Limb. 
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part four Maintenanee 


DEEPER INSIGHT 


Arterial Pressure Points 



ln some plaees, major arteries eome elose enough to the body 
surface to be palpated. These plaees ean be used to take a pulse, 
and they ean serve as emergeney pressure points, vvhere firm 
pressure ean be applied to temporarily reduce arterial bleeding 
(fig. 21.33a). One of these points is the femoral triangle of the 
upper medial thigh (fig. 21.33b, e). This is an important landmark 


for arterial supply, venous drainage, and innervation of the lovver 
limb. Its boundaries are the sartorius muscle laterally, the inguinal 
ligament superiorly, and the adductor longus rrmsele medially. The 
femoral artery, vein, and nerve run elose to the surface at this 
point. 


Superficial temporal 


Faeial a. 

Common earotid a 


Radial a. 


Braehial a 


Femoral a 


Popliteal a. 


Posterior tibial a 
Dorsal pedal a. 


Pubic 

tubercle 


Adductor 
longus m 


(a) 



Graeilis m 



(b) 



(e) 


Anterior superior iliae spine 
lnguinal ligament 

Femoral n. 

Femoral a. 

Femoral v. 

Sartorius m. 

Rectus femoris m. 

Great saphenous v. 

Vastus lateralis m. 


Inguinal ligament 

Sartorius 


Adductor longus 


Figure 21.33 Arterial Pressure Points. (a) Areas vvhere arteries lie elose enough to the surface that a pulse ean be palpated or pressure ean 
be applied to reduce arterial bleeding. (b) Structures in the femoral triangle. (e) Boundaries of the femoral triangle. 















































601 


CHAPTER TWENTY-ONE 


The Circulatory System III: Blood Vessels 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

14. Traee one possible path of a red blood eell from the left 

ventriele to the toes. 

15. Traee one possible path of a red blood eell from the fingers 

to the right atriiim. 

16. The subclavian, axillary, and braehial arteries are really one 

continuous artery. What is the reason for giving it three dif- 
ferent names along its course? 

17. State two ways in which the great saphenous vein has spe- 

eial elinieal signifieanee. Where is this vein loeated? 



Developmental and Clinical 
Perspeetives 


Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the embryonie development of the blood 
vessels; 

b. explain how the circulatory system ehanges at birth; 
and 

e. deseribe the ehanges that occur in the blood vessels in 
old age. 


Embryonie Development 
of the Blood Vessels 

The development of blood vessels, both in the embryo and later in 
life, is ealled angiogenesis. 24 The first traee of embryonie angio- 
genesis appears at 13 to 15 days of gestation. At this time, the 
embryo is a three-layered dise of eetoderm, mesoderm, and endo- 
derm, attaehed to the uterus by an embryonie stalk and assoeiated 
with three membranes, the ehorion, amnion, and yolk sae (see 
fig. 4.3, p. 90). In the yolk sae, groups of mesenehymal eells dif- 
ferentiate into eell masses ealled blood islands. Spaees open in the 
middle of a blood island, and eells in these spaees differentiate into 
hemoblasts, the foremnners of the first blood eells. Cells of the 
margin beeome angioblasts, which give rise to the endothelium of 
the future blood vessel ( ig. 21.34). 

As blood islands proliferate and grow, they begin to eonneet 
with eaeh other, and their internal spaees form the lumens of the 
blood vessels. By the end of week 3, the yolk sae is fully vas- 
cularized. In subsequent weeks, blood islands begin to appear 


2A angio = vessel; genesis = origin, production 




Blood islands 


Yolk sae endoderm 


Yolk sae mesoderm 


(a) Early blood islands in yolk sae 



Hemoblasts 
Angioblasts 
Blood island 


(b) Differentiation of mesenehymal eells 
into angioblasts and hemoblasts 



Endothelium 

Blood vessel 
lumen 

Erythroeytes 


(e) Merger of blood islands 
to form blood vessels 

Figure 21.34 Development of Blood Vessels and Erythroeytes 
from Embryonie Blood Islands. 


in the liver, spleen, and bone marrow, and those of the yolk sae 
and other sites external to the embryo disappear. Also during this 
time, the heart tube forms and links up with the blood vessels. 
Around the end of week 3, the heart begins beating, and a week 
later, a unidirectional blood flow is established. The blood vessels 
are not long uniform tubes at this time, but a network of irregu- 
larly shaped ehannels. Those that reeeive the greatest blood flow 
develop a tunica media and externa and beeome more tubular, thus 
beeoming typieal blood vessels. Those with a lesser flow either 
degenerate or remain eomposed of nothing but endothelium, thus 
beeoming eapillaries. Capillaries and the larger vessels sprout lat- 
eral branehes, giving rise to the eventual anatomieal circuitry of 
the mature cardiovascular system. 
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part four Maintenanee 


We will not examine the complex details of the embry- 
onie development of all the major blood vessels, but primarily 
the major arteries and veins near the heart. Remember that the 
embryo forms five pairs of pharyngeal arehes in weeks 4 to 5 
(see ehapter 4, p. 92). As these develop, a pouch ealled the aortie 
sae appears at the rostral end of the heart. An artery arises from 
eaeh side of the sae, loops through the first pharyngeal areh, and 
ends in the dorsal aorta on that side. The loop is aortie areh I. 
Five more pairs of aortie arehes (II—VI) later form between the 
pharyngeal pouches (fig. 21.35a). This refleets a primitive ver- 
tebrate pattern seen in fish, where the six aortie arehes supply 
blood to the gills, but it beeomes highly modified in humans 
and other mammals. The six arehes actually never appear all at 
onee as shown in the figure. Arehes I and II degenerate before 
the most caudal arehes appear, and areh V never develops to 
any great extent in mammals. Arehes III, IV, and VI, however, 
play major roles in human development ( ? ig. 21.35b). Areh III 
gives rise to the eommon earotid artery and the proximal por- 
tion of the internal earotid artery; the external earotid artery 
buds from the eommon earotid. The eommon earotids are short 
at first, but elongate as the embryo grows and the heart moves 
caudally. Areh IV degenerates on the right, but on the left it 
produces the aortie areh. Areh VI gives rise to the pulmonary 
arteries. 

Initially, the embryo has two dorsal aortae that pass side 
by side for the length of the body. Caudal to the pharyngeal 
arehes, however, these soon fuse into a single dorsal aorta, the 


foremnner of the adult deseending aorta (fig. 21.36). The dor- 
sal aorta issues about 30 pairs of intersegmental arteries, which 
supply blood to the somites and their derivatives. Most of these 
degenerate, but the adult intereostal arteries, lumbar arteries, and 
eommon iliae arteries are remnants of some of the embryonie 
intersegmental arteries. 

The prineipal veins assoeiated with the heart (fig. 21.36) are 
the anterior eardinal vein, which drains the head region; the pos- 
terior eardinal vein, which drains the body caudal to the heart; 
the vitelline veins from the yolk sae; and the umbilical veins from 
the plaeenta. There are initially two umbilical veins, but only the 
left one persists until birth. The eardinal veins provide most of the 
venous drainage of the embryonie body. They meet at a eommon 
eardinal vein just before entering the heart. The future superior 
vena eava develops from the right anterior eardinal and eommon 
eardinal veins. The posterior eardinal veins largely degenerate, 
however, leaving only the eommon iliae veins and part of the 
azygos system as remnants. The inferior vena eava develops sepa- 
rately, not from the posterior eardinal veins. 


Changes at Birth 

As we saw in ehapter 20 (p. 557), the fetus has eertain shunts that 
allow most blood to bypass the nonfunctional lungs: th eforamen 
ovale and ductus arteriosus. After birth, when the lungs are func- 
tional, these shunts elose, leaving a fossa ovalis in the interatrial 



Dorsal aortae 


Aortie arehes: 



IV 


(V) 


VI 


Aortie sae 


Heart 


Fused dorsal 
aorta 


Internal earotid a. 


External earotid a. 


Common earotid aa. 


Aortie areh 


R. subclavian a 


Heart 



Pulmonary a. 


Aortie arehes 


(I) 


(II) 



IV 

(VI) 


Ductus arteriosus 


Pulmonary trunk 


Deseending aorta 


(a) 3-4 weeks (b) 7 weeks 

Figure 21.35 Development of Some Major Arteries from the Embryonie Aortie Arehes. (a) The six aortie arehes, dorsal view. This is a eomposite 
diagram representing developments from day 22 through day 29. In reality, areh I degenerates as arehes III and IV form, and areh II degenerates as 
areh VI forms. Aortie areh V develops very little, and sometimes not at all, in humans. (b) Remodeled arterial system at about 7 weeks. Pale eolors 
and areh numbers in parentheses indieate the former positions of aortie arehes that no longer exist at this time, for eomparison to part (a). The left 
subclavian vein does not develop from an aortie areh and is not illustrated. 
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CHAPTER TWENTY-ONE 


The Circulatory System III: Blood Vessels 



(Jmbilieal eord 
Yolk sae 

Figure 21.36 Major Embryonie Blood Vessels at 26 Days. Left lateral view of the embryo, yolk sae, and part of the plaeenta. 


Aortie sae- 

Heart- 

Vitelline v. and a. 


Dorsal aorta 


Intersegmental aa 


Posterior eardinal v 


Anterior eardinal v 


Llmbilieal v. and a. 


Aortie arehes 


Plaeenta 


septum and ligamentum arteriosum between the aortie areh and 
left pulmonary artery. Another fetal shunt ealled the ductus veno- 
sus bypasses the liver, which also is not very functional before 
birth. This is a vein; blood returning from the plaeenta enters the 
fetus through the umbilical vein and flows into the ductus veno- 
sus. The ductus venosus then empties into the inferior vena eava. 
After birth, the ductus venosus eonstriets, and blood is foreed 
to flow through the liver. The ductus venosus leaves a fibrous 
remnant, the ligamentum venosum, on the inferior surface of the 
liver. 

The two umbilical arteries beeome the superior vesieal arter- 
ies to the urinary bladder. The umbilical vein beeomes a fibrous 
eord, the round ligament, which attaehes the liver to the anterior 
body wall (fig. 21.37). 

The Aging Vascular System 

As we get older, our arteries beeome less distensible and absorb less 
systolie foree. This inereasing stiffness is ealled arterioselerosis 
(“hardening of the arteries”). The primary cause of it is a lifetime 
of damage by free radieals, which cause gradual deterioration of the 
elastie and other tissues of the arterial walls—much like old mbber 
bands that beeome hardened and less stretehy. Another contributing 
faetor is atheroselerosis, the growth of lipid deposits in the arterial 
walls (see Deeper Insight 20.1, p. 551). These deposits ean beeome 
ealeified eomplieated plaques, giving the arteries a hard, bonelike 
eonsisteney. As a result of these ehanges, blood pressure rises with 
age and older people are at elevated risk for hypertension and its 
consequences, such as aneurysms, stroke, and kidney failure. 

Another effeet of aging is deelining responsiveness of the 
baroreeeptors, so vasomotor responses to ehanges in blood 


pressure are not as quick or effieient. Among some elderly peo- 
ple, the blunted response causes orthostatie hypotension: When 
one goes from a lying to a sitting or standing posture, blood is 
drawn away from the brain by gravity. Without a prompt eorree- 
tive baroreflex, the drop in eerebral blood flow ean cause dizzi- 
ness or even fainting and falling, which in turn presents a risk of 
serious bone fractures. 

Vascular Diseases 

Atheroselerosis, the most eommon vascular disease, ean lead to 
stroke, renal failure, or heart failure—most notoriously the last of 
these. Therefore, it was deseribed in ehapter 20 in the context of 
eoronary artery disease. Table 21.12 deseribes a few other vascular 
diseases. Some of the hematologie and eardiae pathologies in the 
preeeding ehapters also include aspeets of vascular pathology. 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

18. What do angioblasts develop from, and what do they 

develop into? 

19. Deseribe, in hiimans, what beeomes of the six pairs of aor- 

tie arehes typieal of vertebrate embryos. 

20. Name two blood vessels that elose off and beeome fibrous 

eords soon after birth. 

21. Deseribe two ehanges that occur in the blood vessels in old 

age, other than speeifie vascular diseases. 
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jpmm 


Ductus 
arteriosus 
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Ductus 


venosus 


Llmbilieal 
vein 

Umbilicus 


Umbilical 
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Umbilical 

arteries 
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arteriosum 



ovalis 


Ligamentum 


venosum 
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Oxygen eontent of blood 



Low 
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(a) Fetal circulation 

(T) Blood bypasses the lungs by flowing direetly from the 
right atrium through the foramen ovale into the left atrium. 

(2) Blood also bypasses the lungs by flowing from the 

pulmonary trunk through the ductus arteriosus into the aorta. 

(5) Oxygen-poor, waste-laden blood flows through two umbilical 
arteries to the plaeenta. 

(?) The plaeenta disposes of C02 and other wastes and 
reoxygenates the blood. 

( 5 ) Oxygenated blood returns to the fetus through the umbilical vein. 

(6) Plaeental blood bypasses the liver by flowing through the 
ductus venosus into the inferior vena eava (IVC). 

( 7 ) Plaeental blood from the umbilical vein mixes with fetal blood 
from the IVC and returns to the heart. 


(b) Neonatal circulation 

(T) Foramen ovale eloses and beeomes fossa ovalis. 

(2) Ductus arteriosus eonstriets and beeomes 
ligamentum arteriosum. 

(3) Umbilical arteries degenerate and beeome median 
umbilical ligaments. 

( 4 ) Umbilical vein eonstriets and beeomes round 
ligament of liver. 

(5) Ductus venosus degenerates and beeomes 
ligamentum venosum of liver. 

(6) Blood returning to the heart is now oxygen-poor, 
systemie blood only. 


Figure 21.37 Some Circulatory Changes Occurring at Birth. (a) Circulatory system of the full-term fetus. (b) Circulatory system of the newborn. 














































605 


CHAPTER TWENTY-ONE 
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TABLE 21.12 Some Vascular Pathologies 


Hypertension Abnormally high blood pressure. In a young adult, a BP up to 130/85 is eonsidered normal, BP above 140/90 is eonsidered 

hypertensive, and a BP betvveen these ranges is borderline or “high normal.” About 90% of eases of hypertension 
(primory hypertension) result from a poorly understood complex of hereditary, behavioral, and other faetors. Risk faetors 
include obesity, a sedentary lifestyle, diet, smoking, sex, and raee. Seeondory hypertension (10% of eases) results from 
other identifiable disorders such as renal insufficiency, atheroselerosis, hyperthyroidism, and polyeythemia. Treated vvith 
dietary modifieation, vveight loss, and drugs such as beta-bloekers (vvhieh reduce responsiveness of the blood vessels to 
sympathetie stimulation), calcium ehannel bloekers (vvhieh relax the vascular smooth muscle), diuretics (vvhieh reduce blood 
volume), and ACE inhibitors (vvhieh inhibit synthesis of the vasoeonstrietor angiotensin II). 

Phlebitis Inflammation of a vein, causing pain, tenderness, edema, and skin diseoloration along its course. Often of unknown cause, 

but may follow surgery, ehildbirth, or infeetions. 


Stroke 

(cerebrovascular 

aeeident) 


The sudden death (infaretion) of brain tissue occurring when eerebral atheroselerosis, thrombosis, or hemorrhage of a 
eerebral aneurysm cuts off blood flow to part ofthe brain. Effeets range from unnoticeable to fatal, depending on the 
extent of tissue damage and function of the affeeted tissue. Blindness, paralysis, loss of speeeh, and loss of sensation are 
among the sublethal effeets. 


Vasculitis Inflammation of any blood vessel (see also phlebitis in this table), usually caused by an immune response or infectious 

pathogen, but sometimes by radiation, trauma, or toxins. Produces a wide variety of symptoms, including muscle and joint 
pain, fever, headaehe, myoeardial isehemia, numbness, and blindness. 


Disorders Deseribed Elsewhere 

Air embolism 535 Patent ductus arteriosus 559 

Aneurysm 566 Raynaud disease 457 

Atheroselerosis 603 Varieose veins 571 

Orthostatie hypotension 603 



Assess Your Learning Outcomes 


To test your knowledge, discuss thefollowing 
topies with a study partner or in writing, 
ideally from memory. 

21.1 General Anatomy of the Blood Vessels 
(p. 564) 

1. The meaning of arteries, eapillaries, and 
veins with respeet to the route of blood 
flow from and baek to the heart 

2. The names and eharaeteristies of the three 
tissue layers (tunics) of arteries and veins 

3. Why arteries are ealled resistanee vessels, 
and how this relates to their histology 

4. The three size elasses of arteries; their his- 
tologieal and functional differenees; and 
examples of arteries of the two largest types 

5. The loeation, structure, and functions of 
metarterioles and preeapillary sphineters 

6. The loeations and functions of the earotid 
sinuses, aortie baroreeeptors, earotid bod- 
ies, and aortie bodies 


7. The size and general structure of blood 
eapillaries, and the various means by which 
substances ean pass through the eapillary 
wall to enter or leave the bloodstream 

8. The distinetion between continuous eapil- 
laries, fenestrated eapillaries, and sinusoids 

9. The structure of a eapillary bed, and its 
relationship to a thoroughfare ehannel and 
preeapillary sphineters 

10. Why veins are ealled eapaeitanee vessels, 
and how this relates to their volume, blood 
pressure, and histology 

11. The distinetion between posteapillary 
venules, muscular venules, medium veins, 
venous simises, and large veins 

12. The loeations, structure, and function of 
venous valves 

13. Variations in the route of blood circulation, 
notably portal systems and the three kinds 
of anastomoses 


21.2 The Pulmonary Circuit (p. 572) 

1. The route of blood flow in the pulmonary 
circuit, inehiding the names of its blood 
vessels in order from the point where 
blood leaves the right ventriele to the 
points where it enters the left atrium 

2. The function of the pulmonary circuit and 
how this relates to the relative oxygen and 
earbon dioxide eoneentrations in its arter- 
ies and veins 

3. The systemie blood supply to the lungs and 
how this differs functionally from the pul- 
monary circuit 

21.3 Systemie Vessels of the Axial Region 
(p. 573) 

1. The three prineipal regions of the aorta— 
aseending aorta, aortie areh, and deseend- 
ing aorta; the prineipal arteries that arise 
from the first two; the distinetion between 
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the thoraeie and abdominal aorta; and how 
the aorta ends (table 21.1) 

2. The names and routes of the four arteries 
that aseend eaeh side of the neek (table 21.2, 
part I) 

3. The routes of the eommon earotid, external 
earotid, and internal earotid arteries; names 
of the branehes given off by the exter- 
nal and internal earotids; and the regions 
supplied by those branehes (table 21.2, 
part II) 

4. The loeation and eomponents of the eere- 
bral arterial eirele; the arteries that supply 
it; and the eerebral arteries that arise from 
it (table 21.2, parts III, IV) 

5. The loeations and names of the dural 
venous sinuses and their relationship with 
the internal jugular veins and faeial veins 
(table 21.3, part I) 

6. The loeations of the internal and external 
jugular veins and the vertebral veins; the 
vessels from which these veins reeeive 
blood; and the vessels into which they ulti- 
mately drain (table 21.3, part II) 

7. Branehes of the thoraeie aorta and the 
regions supplied by them (table 21.4, 
parts I, II) 

8. The course of the subclavian and axillary 
arteries; the branehes they give off along 
the way; and the regions supplied by those 
branehes (table 21.4, part III) 

9. The course of the subclavian and braehio- 
eephalie veins; the regions drained by 
them; and how the superior vena eava orig- 
inates and where it terminates (table 21.5, 
part I) 

10. Loeations of the azygos, hemiazygos, 
and aeeessory hemiazygos veins; the other 
veins that drain into this system; and where 
the blood of the azygos system flows next 
(table 21.5, part II) 

11. The names, order of occurrence, and 
organs supplied by the arteries that braneh 
off the abdominal aorta (table 21.6, part I) 

12. The loeation of the eeliae trank; its three 
primary branehes; and the organs supplied 
by these branehes and their subdivisions 
(table 21.6, part II) 


13. The origin of the superior mesenterie 
artery; its branehes; and the regions of the 
digestive traet that it supplies (table 21.6, 
part III) 

14. The origin of the inferior mesenterie 
artery; its branehes; and the regions of the 
digestive traet that it supplies 

15. The origin of the eommon iliae arteries; 
their branehing into external and internal 
iliae arteries; the two tranks of the internal 
iliae; names of the branehes of these two 
tranks; and the organs and tissues supplied 
by those branehes (table 21.6, part IV) 

16. The loeations of the internal and external 
iliae veins; their eonvergenee to form the 
eommon iliae vein; eonvergenee of the 
two eommon iliae veins to form the infe- 
rior vena eava; and regions drained by the 
internal and external iliae veins (table 21.7, 
part I) 

17. The tributaries that drain into the infe- 
rior vena eava, in order, as it aseends the 
abdominal eavity; the organs and regions 
drained by those tributaries; and where the 
inferior vena eava ends (table 21.7, part I) 

18. The aseending himbar veins and their rela- 
tionships with the inferior vena eava and 
the azygos system (table 21.7, part II) 

19. The general purpose of the hepatie portal 
system, and the loeations of the two eapil- 
lary beds that define this as a portal system 
(table 21.7, part III) 

20. Tributaries that drain direetly or indireetly 
into the hepatie portal vein before it enters 
the liver; the organs drained by these tribu- 
taries; and where the hepatie portal blood 
goes within the liver and after it leaves the 
liver (table 21.7, part III) 

21.4 Systemie Vessels of the Appendicular 
Region (p. 590) 

1. The arterial branehes and alternative routes 
followed by the blood in getting from the 
subclavian artery to the palmar region, and 
structures supplied by their branehes along 
the way (table 21.8) 


2. The superficial veins followed by the blood 
in getting from the hand to the eephalie and 
basilie veins, and where those two veins end 
in the braehial region (table 21.9, part I) 

3. The deep veins followed by the blood in get- 
ting from the hand to the subclavian vein, 
and where they piek up the blood from the 
eephalie and basilie veins (table 21.9, part II) 

4. The arterial branehes and alternative routes 
followed by the blood in getting from the 
eommon iliae artery to the foot, and strae- 
tures supplied by their branehes along the 
way (table 21.10) 

5. The superficial veins followed by the blood 
in getting from the foot to the femoral vein 
(table 21.11, part I) 

6. The deep veins followed by the blood in 
getting from the foot to the eommon iliae 
vein (table 21.11, part II) 

21.5 Developmental and Clinical Perspeetives 

(p. 601 ) 

1. The origin of the first blood eells and 
blood vessels in the embryonie yolk sae 

2. The anatomy of the embryonie aortie sae, 
paired dorsal aortae, and six aortie arehes; 
and the fates of those aortie arehes 

3. The origin of a single dorsal aorta and of 
the intersegmental arteries, and some adult 
structures that arise from the intersegmen- 
tal arteries 

4. The routes of embryonie venous drainage 
by way of the anterior and posterior ear- 
dinal veins and the vitelline and umbilical 
veins, and the fate of the anterior and pos- 
terior eardinal veins 

5. The shunts that allow most fetal blood to 
bypass the liver and lungs before birth, and 
what happens to these shunts shortly after 
birth 

6. Multiple reasons why the arteries stiffen as 
one ages, and the health implieations of this 

7. The cardiovascular reason why elderly 
persons sometimes experience dizziness or 
even fainting and falling upon rising from 
a reelining to a sitting or standing posture 


Testing Your Reeall 


1. Blood normally flows into a eapillary bed 
from 

a. a distributing artery. 

b. a conducting artery. 
e. a metarteriole. 

d. a thoroughfare ehannel. 

e. a venule. 


2. Plasma solutes enter the tissue fluid most 
easily from 

a. continuous eapillaries. 

b. fenestrated eapillaries. 

e. arteriovenous anastomoses. 

d. eollateral vessels. 

e. venous anastomoses. 


3. A blood vessel adapted to withstand great 
fluctuations in blood pressure would be 
expected to have 

a. an elastie tunica media. 

b. a thiek tunica interna. 
e. one-way valves. 

d. a flexible endothelium. 

e. a rigid tunica media 
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4. A circulatory pathway in which the blood 
flows through two eapillary beds in series 
before it returns to the heart is ealled 

a. an arteriovenous anastomosis. 

b. an arterial anastomosis. 
e. a venous anastomosis. 

d. a venous return pathway. 

e. a portal system. 

5. Intestinal blood flows into the liver by way of 

a. the superior mesenterie vein. 

b. the hepatie portal vein. 
e. the abdominal aorta. 

d. the hepatie sinusoids. 

e. the hepatie veins. 

6. Blood islands first form in the embryonie 

a. spleen. d. liver. 

b. yolk sae. e. red bone marrow. 

e. plaeenta. 

7. Most blood flowing in all of the following 

arteries except the_is destined to eir- 

culate through the brain before returning to 
the heart. 

a. vertebral arteries 

b. internal earotid arteries 
e. basilar artery 

d. superficial temporal artery 

e. anterior communicating artery 


8. All of the following blood vessels except 

the_are loeated in the upper limb. 

a. eephalie vein 

b. small saphenous vein 
e. braehial artery 

d. circumflex humeral arteries 

e. metaearpal arteries 

9. The adult aortie areh develops from the 
embryonie 

a. right aortie areh IV. 

b. left aortie areh IV. 
e. right aortie areh V. 

d. conus arteriosus. 

e. dorsal aorta. 

10. To get from the posterior tibial vein to the 
femoral vein, blood flows through 

a. the anterior tibial vein. 

b. the popliteal vein. 

e. the internal iliae vein. 

d. the great saphenous vein. 

e. the basilie vein. 

11. Filtration pores are eharaeteristie of_ 

eapillaries. 

12. The eapillaries of skeletal muscles are of 

the structural type ealled_. 

13. The epithelmm that lines the inside of a 
blood vessel is ealled 


14. The two_veins unite like an upside- 

down Y to form the inferior vena eava. 

15. Carotid and aortie bodies are ealled_ 

because they respond to ehanges in blood 
ehemistry. 

16. Movement aeross the eapillary endothe- 

lium by the uptake and release of fluid 
droplets is ealled_. 

17. The two largest veins that empty into the 

right atrium are the_and_. 

18. The pressure sensors in the major arteries 

near the head are ealled_. 

19. Most of the blood supply to the brain 

eomes from a ring of arterial anastomoses 
ealled the_. 

20. The major superficial veins of the arm are 

the_on the medial side and_on 

the lateral side. 


Answers in appendix A 


Building Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 

3. fenestr- 

8. genie- 


following word elements, and give a term in 

4. eephalo- 

9. -orum 


which it is used. 

1. vas- 

2. advent- 

5. jugul- 

6. angio- 

7. eeli- 

10. vesie- 

Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. The lungs reeeive both a pulmonary and a 
systemie blood supply. 

2. The panereas and spleen reeeive their 
blood supply mainly from the superior 
mesenterie artery. 

3. Veins anastomose more than arteries do. 


4. From the time blood leaves the heart to the 
time it returns, it always passes through 
only one eapillary bed. 

5. The superior vena eava begins where the 
two subclavian veins meet. 

6. Erythroeytes and endothelial eells arise 
from the same embryonie stem eells. 

7. The smooth muscle of the tunica media of 
a large vessel is nourished mainly by the 
diffusion of nutrients from blood in the 
vessel lumen. 


8. Venous blood from the intestines flows 
through the liver before it flows through 
the heart. 

9. In a few unusual eases, one or more arteries 
of the eerebral arterial eirele are laeking. 

10. Arteries to the ovaries and testes originate 
relatively high in the abdominal eavity, 
near the kidneys. 

Answers in appendix A 
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Testing Your Comprehension 


1. Suppose a posterior tibial vein was ob- 
stmeted by thrombosis. Deseribe one or 
more alternative routes by which blood 
from the foot could get to the eommon 
iliae vein. 

2. Why would a ruptured aneurysm of the 
basilar artery be more serious than a rup- 
tured aneurysm of the anterior communi- 
eating artery? 


3. What differenees would you expect 
between a sample of blood taken from 
the superior mesenterie vein and a sample 
taken from a hepatie vein? Consider, espe- 
eially, differenees in nutrient levels and 
baeterial count, and look forward in the 
book if neeessary for a preview of liver 
functions. 

4. Why could a ehoke hold (a tight grip 
around the neek) cause a person to pass 
out? What arteries would be involved? 


5. Why is it better to have baroreeeptors in 
the earotid sinus rather than in some other 
loeation such as the abdominal aorta or 
eommon iliae arteries? 
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T he lymphatie system is a network of tissues, organs, 

and vessels that help to maintain the body’s fluid bal- 
anee, eleanse the body fluids of foreign matter, and pro- 
vide immune eells for defense. Of all the body systems, it is 
perhaps the least familiar to most people. Yet without it, neither 
the circulatory system nor the immune system could function— 
circulation would shut down from fluid loss, and the body would 
be overrun by infeetion for laek of immunity. This ehapter dis- 
cusses the anatomy of the lymphatie system in relation to its 
roles in fluid reeovery and immunity. The structure and func- 
tion of the lymphatie system are intimately tied to the immune 
system, also discussed in this ehapter. 


blood. Even partial interferenee with lymphatie drainage ean 
cause tissues to swell with excess fluid—a eondition ealled 
edema (fig. 22.2). 

2. Immimity. As the lymphatie system reeovers excess tissue 
fluid, it also pieks up foreign eells and ehemieals from the 
tissues. Some of these are pathogens 2 —mieroorganisms 
with the potential to cause disease. On its way baek to the 
bloodstream, the fluid passes through lymph nodes, which aet 
as filters where immune eells stand guard against pathogens 
and aetivate proteetive immune responses. 

3. Lipid absorption. In the small intestine, speeial lymphatie 
vessels ealled laeteals absorb dietary lipids that eannot be 
absorbed by the intestinal blood eapillaries (see p. 669). 



Lymph and 
Lymphatie Vessels 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. list the functions and basie eomponents of the 
lymphatie system; 

b. explain how lymph is formed; 

e. deseribe the route that lymph takes to get into the 
bloodstream; and 

d. explain what makes lymph flow through the lymphatie 
vessels. 

-— 


Oomponents and Functions 
of the Lymphatie System 

The lymphatie 1 system (fig. 22.1) eonsists of the follovving 
eomponents: (1) lymph, the fluid the system eolleets from the 
interstitial spaees of the tissues and returns to the bloodstream; 
(2) lymphatie vessels, which transport the lymph; (3) lymphatie 
tissue, eomposed of aggregates of lymphoeytes and maerophages 
that populate many organs of the body; and (4) lymphatie organs, 
in which these eells are espeeially eoneentrated and which are set 
off from surrounding organs by eonneetive tissue capsules. AP! R 
The functions of the lymphatie system include the following: 

1. Fluid reeovery. Fluid continually filters from the blood 
eapillaries into the tissue spaees. The blood eapillaries 
reabsorb about 85% of it, but the 15% they do not absorb 
would amount, over the course of a day, to 2 to 4 L of water 
and one-quarter to one-half of the plasma protein. One 
would die of circulatory failure within hours if this water and 
protein were not returned to the bloodstream. One task of the 
lymphatie system is to reabsorb this excess and return it to the 


Lymph 

Lymph is usually a elear, eolorless fluid, similar to blood plasma 
but low in protein. It originates as tissue fluid that has been 
taken up by the lymphatie vessels. Its eomposition varies sub- 
stantially from plaee to plaee. After a meal, for example, lymph 
draining from the small intestine has a milky appearanee because 
of its high lipid eontent. This intestinal lymph is ealled ehyle 3 
(pronounced “kile”). Lymph leaving the lymph nodes eontains 
a large number of lymphoeytes—indeed, this is the main sup- 
ply of lymphoeytes to the bloodstream. Lymph ean also eontain 
maerophages, hormones, baeteria, vimses, cellular debris, and 
even traveling eaneer eells. 

Lymphatie Vessels 

Lymph flows through a system of lymphatie vessels (lymphaties) 
similar to blood vessels. These begin with mieroseopie lymphatie 
eapillaries (terminal lymphaties), which penetrate nearly 
every tissue of the body but are absent from eartilage, bone, 
bone marrow, and the eornea. They are elosely assoeiated 
with blood eapillaries, but unlike them, they are elosed at one 
end (fig. 22.3). A lymphatie eapillary eonsists of a sae of thin 
endothelial eells that loosely overlap eaeh other like the shingles 
of a roof. The eells are tethered to surrounding tissue by protein 
filaments that prevent the sae from eollapsing. 

Unlike the endothelial eells of blood eapillaries, lymphatie 
endothelial eells are not joined by tight junctions, nor do they 
have a continuous basal lamina; indeed, the gaps between them 
are so large that baeteria, lymphoeytes, and other eells and par- 
tieles ean enter along with the tissue fluid. Thus, the eomposition 
of lymph arriving at a lymph node is like a report on the state of 
the upstream tissues. 

The overlapping edges of the endothelial eells aet as valvular 
flaps that ean open and elose. When tissue fluid pressure is high, 
it pushes the flaps inward (open) and fluid flows into the eapillary. 
When pressure is higher in the lymphatie eapillary than in the tis- 
sue fluid, the flaps are pressed outward (elosed). 


lympho — water 


2 potho = disease; gen = producing 

3 chyle =juice 
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Cervical lymph nodes 


R. lymphatie duct 
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dsterna ehyli 
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R. and I. Iumbar trunks 
Intestinal trunk 


lnguinal lymph nodes 


Figure 22.1 The Lymphatie System. 
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Figure 22.2 Edema. The person on the right shovvs severe 
edema of the legs and feet eompared to a person without edema 
(left). Bloekage of lymphatie vessels is one of several causes of 
edema. 


Apply What You Know 

Contrast the structure of a lymphatie eapillary with that of a 
continuous blood eapillary. Explain why their structural differenee 
is related to their functional differenee. 


The larger lymphatie vessels are similar to veins in their histol- 
ogy. They have a tunica interna with an endothelium and valves 
(fig. 22.4), a tunica media with elastie fibers and smooth muscle, 
and a thin outer tunica externa. Their walls are thinner and their 
valves are eloser together than those of the veins. 

As the lymphatie vessels eonverge along their path, they 
beeome larger and larger vessels with ehanging names. The 
route from the tissue fluid baek to the bloodstream is: lym- 

phatie eapillaries ->■ eolleeting vessels ->■ six lymphatie 

trunks->■ two eolleeting ducts->■ subclavian veins. Thus, 

there is a continual reeyeling of fluid from blood to tissue fluid 
to lymph and baek to the blood (fig. 22.5). 

The lymphatie eapillaries eonverge to form eolleeting vessels. 
These often travel alongside veins and arteries and share a eom- 
mon eonneetive tissue sheath with them. At irregular intervals, 
they empty into lymph nodes. The lymph triekles slowly through 
the node, where baeteria are phagoeytized and immune eells moni- 
tor the fluid for foreign antigens. It leaves the other side of the 
node through another eolleeting vessel, traveling on and often 
encountering additional lymph nodes before it finally returns to 
the bloodstream. 

Eventually, the eolleeting vessels eonverge to form larger 
lymphatie trunks, eaeh of which drains a major portion of the 
body. There are 11 lymphatie tmnks, whose names indieate their 
loeations and parts of the body they drain—a solitary intestinal 
trunk and paired jugular, subclavian, bronehomediastinal, inter- 
eostal, and lumbar trnnks. The lumbar trunk drains not only the 
lumbar region but also the lower limbs. 

The lymphatie trunks eonverge to form two eolleeting ducts, 
the largest of the lymphatie vessels (fig. 22.6): 


Capillary bed 


Tissue fluid 


Tissue eell 

Lymphatie 

eapillary 


Arteriole 



(a) 



Lymph 


Opening 


Tissue 

fluid 

Endothelium 
of lymphatie 
eapillary 

Anehoring 

filaments 


Figure 22.3 Lymphatie Capillaries. (a) Relationship of the 
lymphatie eapillaries to a bed of blood eapillaries. (b) LJptake of tissue 
fluid by a lymphatie eapillary. 

• Why ean traveling (metastasizing) eaneer eells get into the lymphatie 
system more easily than they ean enter the bloodstream? 


1. The right lymphatie duct is formed by the eonvergenee of 
the right jugular, subclavian, and bronehomediastinal tmnks 
in the right thoraeie eavity. It reeeives lymphatie drainage 
from the right upper limb and right side of the thorax and 
head, and empties into the right subclavian vein. 

2. The thoraeie duct, on the left, is larger and longer. It begins 
just below the diaphragm, anterior to the vertebral column at 
the level of the seeond lumbar vertebra. Here, the two lumbar 
trnnks and the intestinal trunk join and form a prominent 
sae ealled the eisterna ehyli (sis-TUR-nuh KY-lye), named 
for the large amount of ehyle that it eolleets after a meal. 


































































CHapter twenty-two The Lymphatie System and Immunity 


613 



Figure 22.4 Valves in the Lymphatie Vessels. (a) Photograph of a 
lymphatie valve. (b) Operation of the valves to ensure a one-way flow 
of lymph. 


The thoraeie duct then passes through the diaphragm with 
the aorta and aseends the mediastinum, adjaeent to the 
vertebral column. As it passes through the thorax, it reeeives 
additional lymph from the left bronehomediastinal, left 
subclavian, and left jugular trnnks, then empties into the left 
subclavian vein. Collectively, this duct therefore drains all of 
the body below the diaphragm, and the left upper limb and 
left side of the head, neek, and thorax. 


The Flow of Lymph 

Lymph flows under forees similar to those that govern venous 
return, except that the lymphatie system has no pump like the 
heart, and it flows at even lower pressure and speed than venous 
blood. The primary meehanism of flow is rhythmie eontrae- 
tions of the lymphatie vessels themselves, induced when the 
flowing lymph stretehes them. The valves of lymphatie vessels, 
like those of veins, prevent the fluid from flowing backward. 
Lymph flow is also produced by skeletal muscles squeezing the 
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Figure 22.5 Fluid Exchange Between the Cardiovascular and 
Lymphatie Systems. Blood eapillaries lose fluid to the tissue spaees. 
The lymphatie system pieks up excess tissue fluid and returns it to 
the bloodstream. The lymph flows from lymphatie eapillaries through 
eolleeting vessels, lymphatie trunks, and eolleeting ducts, and is filtered 
through multiple lymph nodes before reentering the bloodstream at 
the subclavian veins. 

• Identify two benefits in hoving lymphotie eopillories piek up tissue 
fluid thot is not reeloimed by the blood eopillories. 


lymphatie vessels, like the skeletal muscle pump that moves 
venous blood. Sinee lymphatie vessels are often wrapped with 
an artery in a eommon eonneetive tissue sheath, arterial pulsa- 
tion may also rhythmieally squeeze the lymphatie vessels and 
contribute to lymph flow. A thoraeie (respiratory) pump pro- 
motes the flow of lymph from the abdominal to the thoraeie 
eavity as one inhales. During inhalation, pressure in the tho- 
raeie eavity falls below the pressure in the abdominal eavity. 
Abdominal pressure squeezing on the abdominal lymphatie 
trunks and eisterna ehyli causes lymph to flow upward into 
the thoraeie lymphaties. Finally, at the point where the eolleet- 
ing ducts empty into the subclavian veins, the rapidly flowing 
bloodstream draws the lymph into it. 
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Figure 22.6 Lymphaties of the Thoraeie Region. (a) Lymphaties of the thorax and upper abdomen and their relationship to the subclavian veins, 
where the lymph returns to the bloodstream. (b) Lymphatie drainage of the right mammary and axillary regions. (e) Regions of the body drained by 
the right lymphatie duct and thoraeie duct. 


Why are the axillary lymph nodes often biopsied in eases of suspected breast eaneer? AP| R 
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Apply What You Know 

Why does it make more fiinetional sense for the eolleeting 
ducts to eonneet to the subclavian veins than it would for 
them to eonneet to the subclavian arteries? Further, why is 
it advantageous that they enter the superior surface of the 
subclavian veins rather than entering from below? 


Before Yoii Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. List the primary functions of the lymphatie system. 

2. How does fluid get into the lymphatie system? What 
prevents it from draining baek out? 

3. Where does this fluid (lymph) go onee it enters the 
lymphatie vessels? What makes it flow? 



Lymphatie Cells, 
Tissues, and Organs 

Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. name the major types of eells in the lymphatie system 
and state their functions; 

b. deseribe the types of lymphatie tissue; and 

e. deseribe the anatomy and lymphatie and immune 
functions of the red bone marrow, thymus, lymph 
nodes, tonsils, and spleen. 

— 


In addition to lymphatie vessels, another eomponent of the lym- 
phatie system is the lymphatie tissues. These range from loosely 
seattered eells in the mucous membranes of the digestive, respi- 
ratory, reproductive, and urinary traets, to eompaet eell populations 
encapsulated in lymphatie organs. These tissues are eomposed 
of a variety of lymphoeytes and other eells with various roles in 
defense and immunity. 


Lymphatie Cells apj_r 

Aside from eells playing purely structural roles, the lymphatie sys- 
tem has six prineipal eategories of defensive eells: 

1 . Natural killer (NK) eells are large lymphoeytes that attaek 
and lyse baeteria, transplanted tissue eells, and host eells 
(eells of one’s own body) that have either beeome infeeted 
with vimses or turned cancerous (see photo on p. 609). They 
continually patrol the body “on the lookout” for abnormal 


eells to destroy. This is one of the body’s most important 
defenses against eaneer. 

2. T lymphoeytes (T eells) are so named because they develop 
for a time in the thymus and later depend on thymie hormones 
to regulate their aetivity. The T stands for thymus-dependent. 
There are four subclasses of T eells: 

• Cytotoxic T (T c ) eells are the only T lymphoeytes that 
direetly attaek and kill other eells. They are espeeially 
responsive to eells of transplanted tissues and organs, 
eaneer eells, and host eells infeeted with vimses, baeteria, 
or intracellular parasites. They are also ealled T8, CD8, or 
CD8+ eells for their surface glyeoprotein, CD8. ( CD stands 
for cluster of differentiation, a elassifieation system for 
many cell-surface molecules.) 

• Helper T (T H ) eells respond to antigens and aetivate 
various defense meehanisms, but do not earry out the 
attaek themselves; instead, they help other imimme eells 
respond to the threat. T H eells play a eentral eoordinating 
role in multiple forms of defense. They are also ealled T4, 
CD4, or CD4+ eells because of a surface glyeoprotein 
ealled CD4. 

• Regulatory T (T R ) eells, or T-regs, play an inhibitory 
role to prevent the immune system from mnning out of 
eontrol. 

• Memory T (T M ) eells provide long-lasting memory of an 
antigen. Upon reexposure, the immune system neutralizes 
the antigen so quickly that it causes no disease symp- 
toms. This is what we mean by being immune 4 to a 
disease. 

3. B lymphoeytes (B eells) differentiate into plasma eells — 
eonneetive tissue eells that seerete defensive proteins ealled 
antibodies. They were named for an organ in ehiekens 
(the bursa of Fabricius 5 ) in which they were first diseovered; 
however, you may find it more helpful to think of B for 
bone marrow, the site where these eells mature. Some 

B eells beeome memory B eells instead of plasma eells, 
functioning like memory T eells to eonfer long-lasting 
immunity. 

In stained blood films, the different types of lymphoeytes 
look essentially alike, but they are about 80% T eells, 15% B 
eells, and 5% NK and stem eells. 

4. Maerophages develop from monoeytes that have 
emigrated from the bloodstream. Maerophages are very 
large, avidly phagoeytie eells. They phagoeytize tissue 
debris, dead neutrophils, baeteria, and other foreign 
matter (fig. 22.7). They also proeess foreign matter and 
transport antigenieally aetive fragments of it (antigenie 
determinants) to the eell surface, where they “display” 
it to T c and T H eells. This stimulates the T eells to 
launch an immune response against the foreign invader. 
Maerophages, B lymphoeytes, and reticular eells are 


4 immuno = free 

5 Hieronymus Fabricius (Girolamo Fabrizzi) (1537-1619), Italian anatomist 
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Figure 22.7 Maerophage Attaeking Baeteria. Filamentous 
pseudopods of the maerophage snare the rod-shaped baeteria and 
draw them to the eell surface, where they are phagoeytized. 


Figure 22.8 Lymphatie Nodule in the Mucous Membrane of the 
Small Intestine. This is an example of mucosa-associated lymphatie 
tissue (MALT). 


eolleetively ealled antigen-presenting eells (APCs) 
because they display antigen fragments to other immune 
eells. 

The maerophage system includes all of the body’s phago- 
eytie eells except leukocytes. Some of these phagoeytes 
are wandering eells that aetively seek pathogens; others are 
fixed in plaee and phagoeytize only those pathogens that 
eome to them—although they are strategieally positioned 
for this to occur. Cells of the maerophage system include the 
maerophages of the loose eonneetive tissue, mieroglia of the 
eentral nervous system, alveolar maerophages in the lungs, 
and hepatie maerophages in the liver. Alveolar and hepatie 
maerophages are deseribed in ehapters 23 and 24. 

5. Dendritie eells are branehed eells found in the epidermis, 
mucous membranes, and lymphatie organs. (In the skin, 
they are sometimes ealled Langerhans 6 eells.) They 
engulf foreign matter by reeeptor-mediated endoeytosis 
rather than phagoeytosis, but they otherwise function 
like maerophages and are included in the maerophage 
system. 

6. Reticular eells are branehed stationary eells that contribute 
to the stroma of the lymphatie organs and aet as APCs in 
the thymus (see fig. 22.10). (They should not be confused 
with reticular fibers, which are fine branehed eollagen 
fibers eommon in lymphatie organs.) 

Lymphatie Tissues 

Lymphatie (lymphoid) tissues are aggregations of lymphoeytes 
in the eonneetive tissues of mucous membranes and various 
organs. The simplest form is diffuse lymphatie tissue, in which 
the lymphoeytes are seattered rather than densely clustered. 
It is particularly prevalent in body passages that open to the 


6 Paul Langerhans (1847-88), German anatomist 


exterior—the respiratory, digestive, urinary, and reproductive 
traets—where it is ealled mucosa-associated lymphatie tissue 
(MALT). 

In some plaees, lymphoeytes and maerophages eongregate 
in dense masses ealled lymphatie nodules (follieles) ( ig. 22.8), 
which eome and go as pathogens invade the tissues and the immune 
system answers the ehallenge. Abundant lymphatie nodules are, 
however, a relatively eonstant feature of the lymph nodes, tonsils, 
and appendix. In the ileum, the distal portion of the small intestine, 

/m J 

they form clusters ealled Peyer patehes. 

Overview of Lymphatie Organs 

In eontrast to the diffuse lymphatie tissue, lymphatie (lymphoid) 
organs have well-defined anatomieal sites and at least partial 
eonneetive tissue capsules that separate the lymphatie tissue from 
neighboring tissues. These organs include the red bone marrow, 
thymus, lymph nodes, tonsils, and spleen. The red bone marrow 
and thymus are regarded as primary lymphatie organs because they 
are the sites where B and T lymphoeytes, respeetively, beeome 
immunocompetent —that is, able to reeognize and respond to anti- 
gens. The lymph nodes, tonsils, and spleen are ealled seeondary 
lymphatie organs because they are populated with immunocompe- 
tent lymphoeytes only after the eells have matured in the primary 
lymphatie organs. 

Red Bone Marrow 

Red bone marrow may not seem to be an organ; when aspirated 
from the bones for the purpose of biopsy or transfusion, it simply 
looks like extra-thick blood. Yet a careful mieroseopie examina- 
tion of less disturbed marrow shows that it has a surprising degree 
of structure and is eomposed of multiple tissues, meeting the erite- 
ria of an organ, even if a very soft one. 


7 Johann Conrad Peyer (1653-1712), Swiss anatomist 
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As discussed in ehapter 7, there are two kinds of bone 
marrow: yellow and red. Yellow bone marrow is adipose tissue 
and ean be disregarded for present purposes, but red bone mar- 
row is involved in hemopoiesis (blood formation) and immunity. 
In ehildren, it occupies the medullary spaees of nearly the entire 
skeleton. In adults, it is limited to parts of the axial skeleton and 
the proximal heads of the humerus and femur (see fig. 6.6, p. 138). 
Red bone marrow is an important supplier of lymphoeytes to the 
immune system. 

Red bone marrow is a soft, loosely organized, highly vascular 
material, separated from osseous tissue by the endosteum of the 
bone. It produces all elasses of formed elements of the blood; its 
red eolor eomes from the abundance of erythroeytes. Numerous 
small arteries enter rmtrient foramina on the bone surface, pen- 
etrate the bone, and empty into large sinusoids in the marrow 
(fig. 22.9). The sinusoids drain into a eentral longitudinal vein 
that exits the bone via the same route that the arteries entered. 
The sinusoids, 45 to 80 p,m wide, are lined by endothelial eells, 
like other blood vessels, and are surrounded by reticular eonneetive 
tissue. The reticular eells seerete colony-stimulating faetors that 
induce the formation of various leukocyte types. In the long bones 
of the limbs, aging reticular eells accumulate fat and transform into 
adipose eells, eventually replaeing red bone marrow with yellow 
bone marrow. 
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Figure 22.9 Histology of the Red Bone Marrow. The formed 
elements of blood squeeze through the endothelial eells into the 
sinusoids, which eonverge on the eentral longitudinal vein at the 
lower left. 


The spaees between the sinusoids are occupied by islands 
(eords) of hemopoietie eells, eomposed of maerophages and 
blood eells in all stages of development. The maerophages 
destroy malformed blood eells and the nuclei disearded by devel- 
oping erythroeytes. As blood eells mature, they push their way 
through the reticular and endothelial eells to enter the sinus and 
flow away in the bloodstream. Platelets also enter the bloodstream 
in this way. 


Apply What You Know 

If we regard red bone marrow as a lymphatie organ and define 
lymphatie organs partly by the presenee of a eonneetive tissue 
capsule, what could we regard as the capsule of red bone 
marrow? 


The Thyrrms 

The thymus was introduced in ehapter 1 8 because it is a member 
of both the endoerine and lymphatie systems. It houses develop- 
ing lymphoeytes and seeretes hormones that regulate their later 
aetivity. It is a bilobed organ loeated between the sternmn and 
aortie areh in the upper mediastinum (fig. 22.10). The two lobes 
are eonneeted by a median bridge of tissue. In ehildren, the organ 
is relatively firm and eonieal, much larger than it is in adults, 
and deep red due to its rieh supply of blood vessels. After age 
15 or so, it shrinks and eontains less and less lymphatie tissue, 
and its eolor ehanges to gray and then yellowish as it beeomes 
infiltrated with fat (see fig. 18.5, p. 505). In old age, it is barely 
distinguishable from the surrounding fat and fibrous tissue of the 
mediastinum. 

The fibrous capsule of the thymus gives off trabeculae 
(septa) that penetrate into the gland and divide it into several 
angular lobules. Eaeh lobule has a dense, dark-staining cortex 
and a lighter medulla inhabited by T lymphoeytes (fig. 22.10b). 
Reticular epithelial eells and perieytes surround the blood 
eapillaries of the cortex, forming a blood-thymus barrier that 
isolates immature lymphoeytes from premature exposure to 
blood-borne antigens. The medulla exhibits whorls of keratinized 
eells ealled thymie corpuscles, which are useful for identifying 
the thymus histologieally. 

Reticular epithelial eells also seerete several signaling mole- 
cules that promote the development and aetion of T eells, including 
thymosin, thymulin, thymopoietin, interleukins, and interferon. If 
the thymus is removed from newborn mammals, they waste away 
and never develop immunity. Other lymphatie organs also seem 
to depend on thymosins or T eells and develop poorly in thymee- 
tomized animals. The relationship of T eell maturation to thymie 
histology is discussed later in this ehapter. 

Lymph Nodes 

Lymph nodes are the most numerous lymphatie organs, num- 
bering in the hundreds. They serve two functions: to eleanse the 
lymph and to aet as a site of T and B eell aetivation. A lymph 
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Figure 22.10 The Thymus. (a) Gross anatomy. (b) Histology. (e) Arrangement of the reticular epithelial eells to form the blood-thymus barrier 
separating the cortex from the medulla of one lobule. 


Which of the eells in this organ seerete hormones? 



R 


node is an elongated or bean-shaped structure, usually less than 
3 em long, often with an indentation ealled the hilum on one side 
(fig. 22.11). It is enelosed in a fibrous capsule with trabeculae 
that partially divide the interior of the node into eompartments. 
Between the capsule and parenehyma is a narrow, relatively elear 
spaee ealled the subcapsular sinus, which eontains reticular 
fibers, maerophages, and dendritie eells. Deep to this, the gland 
eonsists mainly of a stroma of reticular eonneetive tissue (reticular 
fibers and reticular eells) and a parenehyma of lymphoeytes and 
antigen-presenting eells. 

The parenehyma is divided into an outer C-shaped cortex 
that eneireles about four-fifths of the organ, and an inner medulla 


that extends to the surface at the hilum. The cortex eonsists 
mainly of ovoid to eonieal lymphatie nodules. When the lymph 
node is fighting a pathogen, these nodules acquire light-staining 
germinal eenters where B eells multiply and differentiate into 
plasma eells. The medulla eonsists largely of a branehing net- 
work of medullary eords eomposed of lymphoeytes, plasma eells, 
maerophages, reticular eells, and reticular fibers. The cortex and 
medulla also eontain lymph-filled sinuses continuous with the 
subcapsular sinus. 

Several afferent lymphatie vessels lead into the node along its 
convex surface. Lymph flows from these vessels into the subcap- 
sular sinus, pereolates slowly through the sinuses of the cortex 
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Figure 22.11 Anatomy of a Lymph Node. (a) Partially biseeted lymph node shovving pathvvay of lymph flovv. (b) Detail of the boxed region in 
part (a). (e) Reticular fiber stroma and immune eells in a medullary sinus (SEM). AP R 


and medulla, and leaves the node through one to three efferent 
lymphatie vessels that emerge from the hilum. No other lym- 
phatie organs have afferent lymphatie vessels; lymph nodes are the 
only organs that filter lymph as it flows along its course. With 
several afferent vessels but only a few efferent ones, the lymph 
node is a bottleneek that slows down lymph flow and allows time 
for eleansing it of foreign matter. The maerophages and reticular 
eells of the sinuses remove about 99% of the impurities before the 
lymph leaves the node. On its way to the bloodstream, lymph flows 
through one lymph node after another and thus beeomes quite thor- 
oughly eleansed of most impurities. 

Blood vessels also penetrate the hilum of a lymph node. 
Arteries follow the medullary eords and give rise to eapillary beds 
in the medulla and cortex. In the deep cortex near the junction with 


the medulla, lymphoeytes ean emigrate from the bloodstream into 
the parenehyma of the node. Most lymphoeytes in the deep cortex 
are T eells. 

Lymph nodes are widespread but espeeially eoneentrated in the 
following loeations: 

• Cervical lymph nodes occur in deep and superficial groups 
in the neek, and monitor lymph eoming from the head 
and neek. 

• Axillary lymph nodes are eoneentrated in the armpit (axilla) 
and reeeive lymph from the upper limb and the breast (see 
fig. 22.6b). 

• Thoraeie lymph nodes occur in the thoraeie eavity and reeeive 
lymph from the lungs, airway, and mediastinum. 


© Franeis Leroy, Bioeosmos/Seienee Source 
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• Abdominal lymph nodes monitor lymph from the urinary and 
reproductive systems. 

• Intestinal and mesenterie lymph nodes monitor lymph from 
the digestive traet (fig. 22.12a). 

• Inguinal lymph nodes occur in the groin (rig. 22.12b) and 
reeeive lymph from the entire lower limb. 

• Popliteal lymph nodes occur at the baek of the knee and 
reeeive lymph from the leg proper. 

Physieians routinely palpate the superficial lymph nodes 
of the eervieal, axillary, and inguinal regions for swelling 
(lymphadenitis 8 ). Lymph nodes are eommon sites of metastatie 
eaneer (see Deeper Insight 22.1). 

Tonsils 

The tonsils are patehes of lymphatie tissue loeated at the entranee 
to the pharynx, where they guard against ingested and inhaled 
pathogens. Eaeh is eovered by an epithelium and has deep pits 
ealled tonsillar erypts lined by lymphatie nodules (fig. 22.13). 
The erypts often eontain food debris, dead leukocytes, baeteria, 
and antigenie ehemieals. Below the erypts, the tonsils are partially 
separated from underlying eonneetive tissue by an ineomplete 
fibrous capsule. 

There are three main sets of tonsils: (1) a single median 
pharyngeal tonsil (adenoids) on the wall of the pharynx just 
behind the nasal eavity; (2) a pair of palatine tonsils at the pos- 
terior margin of the oral eavity; and (3) numerous lingual tonsils, 
eaeh with a single erypt, eoneentrated in a pateh on eaeh side of the 
root of the tongue (see fig. 24.5, p. 659). 



Lymph Nodes and Metastatie Cancer 

Metostosis is a phenomenon in which cancerous eells break 
free of the original primory tumor, travel to other sites in the 
body, and establish new tumors. Because of the high perme- 
ability of lymphatie eapillaries, metastasizing eaneer eells easily 
enter them and travel in the lymph. They tend to lodge in the 
first lymph node they encounter and multiply there, eventually 
destroying the node. Cancerous lymph nodes are swollen but 
relatively firm and usually painless. Cancer of a lymph node is 
ealled lymphomo. 9 

Onee a tumor is well established in one node, eells may 
emigrate from there and travel to the next. However, if the 
metastasis is deteeted early enough, eaneer ean sometimes 
be eradieated by removing not only the primary tumor, but 
also the nearest lymph nodes downstream from that point. For 
example, breast eaneer is often treated with a eombination of 
lumpectomy or masteetomy along with removal of the nearby 
axillary lymph nodes. 


The palatine tonsils are the largest and most often infeeted. 
Tonsillitis is an acute inflammation of the palatine tonsils, usu- 
ally caused by a Streptococcus infeetion. Their surgical removal, 
ealled tonsilleetomy, 10 used to be one of the most eommon surgical 
procedures performed on ehildren, but it is done less often today. 
Tonsillitis is now usually treated with antibioties. 


Apply What You Know 

Which tonsil(s) is or are most likely to be affeeted by an inhaled 
pathogen? 


The Spleen 

The spleen is the body’s largest lymphatie organ, measuring up 
to 12 em long and weighing about 150 g. It is loeated in the left 
hypoehondriae region, just inferior to the diaphragm and pos- 
terolateral to the stomaeh (fig. 22.14; see also fig. A.6, p. 336). 
It is proteeted by ribs 10 through 12. The spleen fits snugly 
between the diaphragm, stomaeh, and kidney and has indenta- 
tions ealled the gastrie area and renal area where it presses 
against these adjaeent viseera. It has a medial hilum penetrated 
by the splenie artery, splenie vein, and lymphatie vessels. 

The parenehyma exhibits two types of tissue named for 
their appearanee in fresh speeimens (not in stained seetions): 
red pulp, which eonsists of sinuses gorged with eoneentrated 
erythroeytes, and white pulp, which eonsists of lymphoeytes 
and maerophages aggregated like sleeves along small branehes 
of the splenie artery. In tissue seetions, white pulp appears as 
an ovoid mass of lymphoeytes with an arteriole passing through 
it. However, its three-dimensional shape is not egglike but 
eylindrieal. 

These two tissue types refleet the multiple functions of the 
spleen. Its blood eapillaries are very permeable; they allow 
RBCs to leave the bloodstream, accumulate in the sinuses of 
the red pulp, and reenter the bloodstream later. The spleen is 
an “erythroeyte graveyard”—old, fragile RBCs rupture as 
they squeeze through the eapillary walls into the sinuses. 
Maerophages phagoeytize their remains, just as they dispose 
of blood-borne baeteria and other cellular debris. The spleen 
produces erythroeytes in the fetus and may resume this role in 
adults in the event of extreme anemia. Lymphoeytes and maero- 
phages of the white pulp monitor the blood for foreign agents, 
much like lymph nodes monitor the lymph. The spleen is a 
reservoir for a large “standing army” of monoeytes, waiting in 
a state of emergeney preparedness. In such events as mierobial 
infeetion, myoeardial infaretion, or gaping wounds, the hormone 
angiotensin II stimulates the spleen to release great numbers of 
monoeytes into the bloodstream. The monoeytes help to eombat 
infeetion and repair damaged tissues. The spleen also helps to 
stabilize blood vohime by transferring excess plasma from the 
bloodstream into the lymphatie system. 


s adeno = gland; itis = inflammation - 

9 oma = tumor, mass 10 ec = out; tomy = cutting 
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Figure 22.12 Some Areas of Lymph Node Concentration. (a) Mesenterie lymph nodes assoeiated with the large intestine. (b) lnguinal lymph 


nodes in a female eadaver. 
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Figure 22.13 The Tonsils. (a) Loeations of the tonsils. (b) Histology of the palatine tonsil. APIR. 


Apply What You Know 

From an anatomieal perspeetive, why are lymph nodes the only 
lymphatie organs that ean filter the lymph? 




Before Yoii Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

4. What do T, B, and NK eells have in eommon? How do NK 
eells functionally differ from the other two? How do T and 
B eells functionally differ from eaeh other? 

5. What is the function of an antigen-presenting eell (APC)? 
Name three kinds of APCs. 

6. What is a lymphatie nodule? Deseribe three plaees where 
lymphatie nodules ean be found. 

7. What are the two primary lymphatie organs? Why are they 
ealled that? Deseribe their eollaborative relationship in pro- 
ducing the lymphoeytes that populate other organs. 

8. Deseribe the structural and functional differenees between 
the cortex and medulla of a lymph node. 

9. Name the three kinds of tonsils and state how they differ in 
number and loeation. 

10. Whatarethetwotypesof“pulp”inthespleen?Whataretheir 

respeetive functions? 

11. In what sense does the spleen serve the blood in the same 
way that the lymph nodes serve the lymph? 


Spleneetomy 

A ruptured spleen is one of the most eommon consequences 
of blows to the left thoraeie or abdominal wall, as in sports 
injuries and automobile aeeidents. It is espeeially likely to rup- 
ture if the lower ribs are fractured, and sometimes it is nieked 
during abdominal surgery. The spleen is such a pulpy and vas- 
cular organ that it bleeds profusely, and its capsule is so thin 
and delieate that it is difficult to repair surgically. To prevent 
fatal hemorrhaging, it is often neeessary to quickly tie off the 
splenie artery and remove the spleen. This procedure is ealled 
spleneetomy. 

The loss of splenie function, ealled hypospienism, is usu- 
ally not serious; its functions are adequately earried out by 
hepatie and bone marrow maerophages. However, it does 
leave a person somewhat more at risk of septieemia (baeteria 
in the blood), pneumococcal infeetions, and premature death. 
Therefore, if possible, surgeons try to leave some of the spleen 
in plaee; the spleen regenerates rapidly in such eases. 

Some people have overaetive spleens (hyperspienism), 
in which excessive phagoeytosis of the formed elements of 
blood ean lead to anemia, leukopenia, or thromboeytopenia 
(see ehapter 19). This ean be another reason for performing a 
spleneetomy. 


© Biophoto Assoeiates/Seienee Source 
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Superior 


Figure 22.14 The Spleen. (a) Position of the spleen in the upper left quadrant of the 
abdominal eavity. (b) Gross anatomy of the medial surface. (e) Histology. 
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The Lymphatie System 
in Relation to Immiinity 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. define immune system and explain its relationship to 
the lymphatie system; 

b. identify the body’s three lines of defense against 
pathogens; 

e. distinguish between nonspeeifie defense and adaptive 
immunity; 

d. distinguish between humoral and cellular 
immunity; and 

e. deseribe the life histories and immune functions 
of B eells and T eells, and how these relate to the 
anatomy of the lymphatie organs. 


The immune system is not an organ system, but rather a population 
of disease-fighting eells that reside in the mucous membranes, lym- 
phatie organs, and other loealities in the body. Although it does not 
have a speeifie anatomy distinet from what we have already studied 
in this ehapter, a brief survey of immune function will enhanee your 
understanding of the defensive role of the lymphatie system. 


Modes of Defense 

We have three lines of defense against pathogens: (1) a system of 
physieal barriers to invasion, ehiefly the skin and mucous mem- 
branes; (2) a system of nonspeeifie aetions against pathogens that 
get past the first defense; and (3) the immune system, which not 
only defeats the pathogen but “remembers” it, enabling the body 
to defeat it so quickly in future encounters that we never notiee any 
symptoms of disease. 

The first two defenses laek the eapaeity to remember a particu- 
lar pathogen or to reaet to it differently in the future. Furthermore, 
they defend equally against a broad range of pathogens; thus, they 
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are ealled nonspeeifie defenses. In addition to the skin and mucous 
membranes, these nonspeeifie defenses include neutrophils, mae- 
rophages, natural killer (NK) eells, various antimierobial proteins 
such as interferons, and such proeesses as inflammation and fever. 

The third defense eonfers a proteetion ealled adaptive or 
speeifie imimmity — adaptive because the body adapts to a given 
pathogen and wards it off more easily in future exposures, and spe- 
eifie because the body must develop a separate imrmmity to eaeh 
pathogen. For example, immunity to one disease, such as ehieken- 
pox, does not eonfer immunity against another, such as measles. 
The ability to distinguish one pathogen from another is based on 
their antigens —complex molecules such as proteins and glyeo- 
proteins that genetieally distinguish organisms, and even differ- 
ent members of the same speeies, from eaeh other and that trigger 
the immune response. The agents that earry out adaptive immune 
responses are T and B lymphoeytes. 

Some eells play roles in both adaptive and nonspeeifie 
defense—notably maerophages and helper T eells. Maerophages 
are fairly undiscriminating in the mierobes they attaek, but they 
also aet to present foreign antigens to aetivate the lymphoeytes 
of adaptive immunity. Helper T (T H ) eells aetivate not only the 
B and T c eells of adaptive imrmmity, but also help to mediate the 
nonspeeifie inflammatory response. 

There are two forms of adaptive immunity ealled humoral and 
cellular immunity. Hiimoral (antibody-mediated) immunity is 
earried out by B lymphoeytes and antibodies. It is ealled humoral 
because the antibodies circulate freely in the body fhiids; humor 
is an arehaie term for a body fluid. Cellular (eell-mediated) 
immunity is earried out by cytotoxic T eells. We will not delve 
into the details of these defenses, but we will take a look at how 
the aetivities of B and T eells are related to the anatomy of the 
lymphatie organs. These lymphoeytes are the most abundant eells 
of the lymphatie organs. 

There are some things that B and T eells have in eommon, 
and we ean address these before examining the differenees 
in their life histories. Both types begin their development 
as hemopoietie stem eells (HSCs) in the red bone marrow. HSCs 
divide and give rise to lymphoeyte eolony-forming units, which 
ultimately produce B and T lymphoeytes (see fig. 19.8, p. 531). 
Before they ean take part in immune reaetions, both types of 
lymphoeytes must develop antigen reeeptors on their surfaces, 
giving them immunocompetence —the ability to reeognize, 
bind, and respond to an antigen. In addition, the body must get 
rid of lymphoeytes that reaet against its own (host) antigens so 
that the irnrmme system will not attaek one’s own organs. The 
destmetion or deaetivation of self-reaetive lymphoeytes is ealled 
negative seleetion. Only about 2% of the lymphoeytes survive 
this culling proeess. The developmental histories of B and T eells 
are eontrasted in figure 22.15. 


B Oells and Humoral lmmunìty 

B eells aehieve immunocompetence and go through negative 
seleetion in the red bone marrow. Many of the mature immuno- 
eompetent B eells remain there, while many more disperse and 
populate other sites such as the mucous membranes, spleen, and 


espeeially the eortieal nodules of the lymph nodes, where they ean 
sit and await the arrival of antigens in the ineoming lymph. 

The foundation of humoral immunity is the production of 
antibodies —proteins of the gamma globulin elass (see p. 522) 
found in the blood, other body fluids, and surfaces of some 
immune eells. When a B eell encounters an antigen, it internalizes 
and digests it, and presents fragments of the antigen to a helper 
T eell. The helper T eell seeretes ehemieal helper faetors that stim- 
ulate the B eell to divide still more. Most of its daughter eells dif- 
ferentiate into plasma eells, which are larger than B eells and have 
an abundance of rough endoplasmie reticulum (fig. 22.16) —as 
well they might, for plasma eells seerete antibodies at the astound- 
ing rate of up to 2,000 molecules per seeond for a life span of 4 
or 5 days. Plasma eells develop mainly in the germinal eenters of 
the nodules of the lymph nodes. About 10% of them remain there, 
while the rest emigrate from the lymph nodes and populate the 
bone marrow and other lymphatie organs and tissues. Their anti- 
bodies travel throughout the body in the blood and other fluids and 
reaet in various ways against antigens that they encounter. 

Instead of beeoming plasma eells, some B eells beeome mem- 
ory eells. These live for months to years, and respond very quickly 
if they ever encounter the same antigen again. This provides long- 
lasting immunity to that pathogen. 


T Cells and Cellular lmmuníty apjr 

In early fetal development, immature T eell precursors migrate 
from the bone marrow to the cortex of the thymus, where they 
multiply and build up a large population. Branehing reticular epi- 
thelial eells of the cortex eontaet nearly every one of these T eells 
and test their ability to respond to antigens. T eells that respond 
moderately are allowed to survive, whereas unresponsive eells, 
which would be useless for eonferring immunity, die by apoptosis. 
This proeess is ealled positive seleetion. 

The surviving T eells migrate to the medulla, where they undergo 
another test. Dendritie eells and maerophages of the medulla test 
their response to the body’s own antigens. Overreaetive eells are 
destroyed, preventing them from attaeking one’s own tissues and 
causing autoimmune diseases later. This is the negative seleetion 
deseribed earlier. There is no blood-thymus barrier in the medulla, 
so the few remaining T eells ean here enter the blood and lymphatie 
vessels and disperse throughout the body. They eolonize the same 
sites as B eells do, including the red bone marrow. They beeome 
espeeially eoneentrated in the deep cortex of the lymph nodes. 

When cytotoxic (T c ) eells encounter an enemy eell, they 
attaek it direetly and destroy it with a lethal hit of toxic ehemieals. 
This is why immunity earried out by T eells is ealled eelMar 
(eell-mediated) immunity. As in humoral immunity, some T eells 
remain as memory eells that live as long as a few deeades and thus 
eonfer long-lasting proteetion. 


Apply What You Know 

Suppose a new virus emerged that seleetively destroyed 
memory T and B eells. What would be the pathologieal effeet of 
such a virus? 
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Figure 22.11 The Life History and Migrations of B and T Cells. Humoral immunity is represented by the violet pathways and cellular immunity by 
the red. (a) B eells aehieve immunocompetence in the red bone marrow (left), and many emigrate to a variety of lymphatie tissues and organs, including 
the lymph nodes, tonsils, and spleen (right). (b) Plasma eells develop in the lymph nodes (among other sites) and emigrate to the bone marrow and other 
lymphatie organs, where they spend a few days seereting antibodies. (e) T stem eells emigrate from the bone marrow and attain immunocompetence in 
the thymus. (d) lmmunocompetent T eells leave the thymus and reeolonize the bone marrow or eolonize various lymphatie organs (right). 
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Figure 22.16 a b eeii 

and Plasma Cell. (a) A B eell, 
with a nucleus occupying 
almost the entire eell volume. 
(b) A plasma eell, showing 
the extreme proliferation of 
rough endoplasmie reticulum 
in keeping with its protein- 
(antibody-) synthesizing 
function. 


















626 


part four Maintenanee 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

12. What are the three lines of defense against pathogens? 

13. How does adaptive immunity differ from nonspeeifìe defense? 

14. What is the differenee between humoral and cellular 

immunity? 

15. Where do B eells acquire immunocompetence? Where do 

T eells do so? 

16. What are the structural and functional differenees between 

a B eell and a plasma eell? 



Developmental and 
elinìeal Perspeetìves 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the embryonie origins of the lymphatie 
organs; 

b. deseribe ehanges in the lymphatie system that occur 
with old age; and 

e. deseribe some eommon disorders of the lymphatie 
and immune systems. 


The spleen develops from mesenehymal eells that invade 
the posterior mesentery leading to the stomaeh. Thus it remains 
enveloped in this mesentery and permanently eonneeted to the 
stomaeh by a gastrosplenie ligament. The spleen is poorly devel- 
oped at birth. Invasion of the splenie tissue by imrmmoeompetent 
lymphoeytes stimulates its postnatal development. 

The Aging Lymphatie and Imirmne Systems 

The effeets of old age on the lymphatie system are seen not so much 
in anatomieal ehanges as in deelining immune function. There are 
several reasons for the reduced immune responsiveness. The quan- 
tities of red bone marrow and lymphatie tissue deeline, so there are 
fewer hemopoietie stem eells, leukocytes, and antigen-presenting 
eells. As the thymus shrinks, the levels of thymie hormones deeline. 
Perhaps because of this, an inereasing pereentage of lymphoeytes 
fail to mature and aehieve immunocompetence. There are fewer 
helper T eells, so both humoral and eelhilar immunity suffer from 
their absenee. T c eells are less responsive to antigens, and even 
antibody levels rise more slowly in response to infeetion. With 
fewer proteetive NK eells, eaneer beeomes more eommon in old 
age. Paradoxically, while normal antibody responses are weaker 
in old age, the level of circulating autoantibodies rises. These 
are antibodies that fail to distinguish between host and foreign 
antigens, and therefore attaek the body’s own tissues, causing a 
variety of autoimmune ìl diseases such as rheumatoid arthritis. 

With reduced immunity in old age, infectious diseases ean be 
not only more eommon but also more serious. Epidemies of influ- 
enza (flu), for example, take a disproportionate toll of lives among 
the elderly. It beeomes inereasingly important in old age to be 
vaeeinated against such acute seasonal diseases. 


Embryonie Development 

Embryonie development of the thymus is deseribed in ehapter 18, 
page 514. Here, we will examine the development of the lymphatie 
vessels, lymph nodes, and spleen. 

Lymphatie vessels begin as endothelium-lined ehannels in the 
mesoderm ealled lymph saes. Some of these originate by bud- 
ding from the blood vessels and then detaehing from them; others 
originate as isolated mesodermal ehannels that fuse with eaeh other 
and ultimately link up with the venous system. In a manner similar 
to blood vessel angiogenesis (see p. 601), lymph saes proliferate, 
enlarge, and merge with eaeh other to form larger and larger ehan- 
nels in the mesoderm (fig. 22.17a). Those with the greatest fluid 
flow later develop a tunica media and externa. The first to form are 
the jugular lymph saes near the junction of the internal jugular and 
subclavian veins. By week 7, these saes join the primitive veins 
and thus form the foremnners of the thoraeie and right lymphatie 
ducts. The eisterna ehyli arises from a median lymph sae that 
initially grows from the primitive vena eava and then breaks away 
from it. Smaller lymphatie vessels grow outward from the lymph 
saes and follow blood vessels growing into the developing limbs. 

Lymph nodes begin to develop as lymphoeytes invade the 
lymph saes and form eell clusters in the lumens. Blood vessels 
grow into these clusters, while a eonneetive tissue capsule forms 
around them (fig. 22.17b). 


Lymphatie and Immiine Disorders 

It is a delieate balaneing aet for the body to diseriminate between 
foreign and host antigens, ward off foreign pathogens, and mount 
immune responses that are not too weak, not too strong, and 
not misdireeted. It eomes as no surprise, therefore, that many 
things ean go wrong. Most imrrnme disorders ean be elassified 
into three eategories: autoimmune diseases, hypersensitivity, and 
immunodeficiency. 

Autoimmune diseases, as already mentioned, are diseases 
resulting from an immune attaek misdireeted against one’s own 
tissues. Insulin-dependent diabetes mellitus, rheumatic fever, 
rheumatoid arthritis, and systemie lupus erythematosus are some 
examples. 

Hypersensitivity is an exaggerated, harmful imrmme response 
to antigens. The most prevalent examples are allergies —excessive 
reaetions to environmental antigens (allergens) that most people 
tolerate. Allergens are found in a broad range of substances such as 
bee and wasp venoms; toxins from poison ivy and other plants; 
mold; dust; pollen; animal dander; foods such as nuts, milk, eggs, 
and shellfish; eosmeties; latex; vaeeines; and dmgs such as penieil- 
lin, tetraeyeline, and insulin. In many eases, an allergen stimulates 


11 auto = self 
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Figure 22.17 Embryonie Development of the Lymphatie Vessels and Lymph Nodes. (a) A 7-week embryo showing the right jugular lymph 
sae, which eonneets to the future subclavian vein; the primordial lymph saes, which will merge to form the thoraeie duct; and the median lymph 
sae, which will beeome the eisterna ehyli. (b) Stages in the development of a lymph node. Top; Lymphoeytes aggregate in a lymph sae, and blood 
vessels grow into the cluster. Middle: A fibrous capsule then forms around the sae as blood vessels proliferate. Bottom: lngrowths of the capsule 
form trabeculae that partially subdivide the interior as the lymph node takes shape. 


basophils and mast eells to release histamine and other ehemieals 
that cause a broad range of symptoms: edema, eongestion, watery 
eyes, runny nose, hives, eramps, diarrhea, vomiting, and sometimes 
eatastrophie circulatory failure (anaphylaetie shoek). 

Immunodeficiency diseases are failures of the immune system 
to respond strongly enough to ward off disease. One of these is a 
eongenital (inborn) eondition— severe eombined immimodefieieney 
disease (SCID), in which an infant is born without a functional 
immune system and must live in a sterile enclosure to avoid fatal 
infeetions. The most notorious immunodeficiency disease, of course, 
is AIDS (acquired immunodeficiency syndrome). Unlike SCID, this 
is not inborn but results from an infeetion with the human immuno- 
defieieney vims (HIV), usually acquired by sexual intercourse or use 
of eontaminated needles for dmg injeetion. HIV targets espeeially 
the helper T (CD4) eells. A normal T H count is 600 to 1,200 eells/pL 
of blood; a eriterion of AIDS is a count less than 200/pL. With 
such a severe depletion of T H eells, a person is highly susceptible 
to opportunistic infeetions —infeetions that beeome established and 
produce disease only in people with weakened immune systems. In 


AIDS, some eommon examples are Toxoplasma (a protozoan that 
infeets brain tissue), Pneumocystis (a group of respiratory fungi), 
Candida (a fungus that grows in white patehes in the mouth), herpes 
simplex, eytomegalovims, and tuberculosis. Opportunistic infeetion 
is the prineipal cause of death in AIDS. 

A few more lymphatie system disorders are briefly deseribed 
in table 22.1. 

Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

17. How do lymph saes form in the embryo? How do lymph 

nodes form? 

18. Deseribe some reasons for the deelining effieieney of the 

immune system in old age. 

19. What are the three prineipal eategories of immune system 

disorders? Give an example of eaeh. 
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TABLE 22.1 Some Disorders of the Lymphatie System 


Hodgkin 12 disease A lymph node malignaney, with early symptoms including enlarged painful lymph nodes, espeeially in the 

neek; fever; anorexia; weight loss; night sweats; and severe itehing. Diagnosis is eonfirmed by finding eharaeteristie 
Reed-Sternberg eells in a lymph node biopsy. Often progresses to neighboring lymph nodes. Radiation and 
ehemotherapy cure about three out of four patients. 


Non-Hodgkin 

lymphoma 


Lymphadenitis 13 

(lim-FAD-en-EYE-tis) 


A lymphoma similar to Hodgkin disease, but more eommon, with more widespread distribution in the body (including 
axillary, inguinal, and femoral lymph nodes), and without Reed-Sternberg eells. Has a higher mortality rate than 
Hodgkin disease. 

Inflammation of a lymph node in response to ehallenge from a foreign antigen; marked by swelling and tenderness. 


Lymphadenopathy 14 Collective term for all diseases of the lymph nodes. 

(lim-FAD-en-OP-a-thee) 

Lymphangitis 15 Inflammation of a lymphatie vessel; marked by redness and pain along the course of the vessel. 

(LIM-fan-JY-tis) 

Splenomegaly 16 Enlargement of the spleen, sometimes without underlying disease but often indieating infeetions, autoimmune 

diseases, heart failure, eirrhosis, Hodgkin disease, and other eaneers. The enlarged spleen may “hoard” erythroeytes, 
causing anemia, and it may beeome fragile and subject to rupture. 


Disorders Deseribed Elsevvhere 

Opportunistic infeetion 627 
Ruptured spleen 622 

Severe eombined immunodeficiency disease 627 
Tonsillitis 620 


AIDS 627 
Allergy 626 

Autoimmune diseases 626 
Cancer of lymph nodes 620 


12 Thomas Hodgkin (1798-1866), British physieian 
13 oc/eno = gland; itis = inflammation 
^odeno = gland; pothy = disease 
15 ang = vessel; /'f/'s = inflammation 
m megoly = enlargement 



Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

22.1 Lymph and Lymphatie Vessels (p. 610) 

1. The anatomieal eomponents of the lym- 
phatie system 

2. Three fimetions of the lymphatie system 

3. The appearanee and eomposition of the 
lymph 


4. Structure of the lymphatie eapillaries and 
how their structure enables them to piek up 
large partieles from the tissue fluid 

5. Histology of the lymphatie eolleeting ves- 
sels and their anatomieal and functional 
relationships with the lymph nodes 

6. The larger lymphatie vessels including the 
11 lymphatie trnnks, the two eolleeting 
ducts, and the points where the lymph is 
returned to the bloodstream 


7. The meehanisms for making the lymph 
flow through the lymphatie vessels and for 
preventing it from going backward 

22.2 Lymphatie Cells, Tissues, and Organs 
(p. 615) 

1. The six prineipal defensive eell types in 
the lymphatie system 

2. The function of NK eells 

3. The four kinds of T lymphoeytes, their func- 
tions, and what the T in their names stands for 
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4. The function of B lymphoeytes, their rela- 
tionship to plasma eells, and what the B 
stands for 

5. The hmetions and types of maerophages, 
and their relation to blood monoeytes 

6. The loeations and functions of dendritie 
eells and reticular eells 

7. The histology, loeations, and types of dif- 
fuse lymphatie tissue 

8. The feature that distinguishes lymphatie 
organs from lymphatie tissues 

9. The distinetion between primary and see- 
ondary lymphatie organs, and the members 
of eaeh eategory 

10. The structure and function of red bone 
marrow and the reason it ean be eonsidered 
an organ and not merely a tissue 

11. The loeation, gross anatomy, histology, 
and functions of the thymus, and its age- 
related ehanges 

12. The gross anatomy, histology, and func- 
tions of a lymph node 

13. The loeations of lymph nodes and the 
names of the body’s major lymph node 
aggregations 


14. The names, loeations, and functions of 
the tonsils, and the structural differenees 
between the three types of tonsils 

15. The loeation, gross anatomy, histology, 
and hmetions of the spleen 

22.3 The Lymphatie System in Relation 
to Immunity (p. 623) 

1. The definition of immune system and why 
this is not eonsidered an organ system 

2. The body’s three lines of defense against 
pathogens and the distinetion between 
nonspeeifie defense and adaptive 
immunity 

3. The nature of antigens and their role in 
immune function 

4. The multiple meehanisms of nonspeeifie 
defense 

5. A definition of adaptive immunity, the two 
forms of adaptive immunity, and the agents 
that earry out eaeh of these forms 

6. The origin of B and T eells and the essen- 
tial proeesses that both of these must go 
through before they are eapable of partiei- 
pating in an immune response 


7. Where the B eells beeome imimmoeompe- 
tent and where they subsequently reside 

8. How B eells respond when they encounter 
a foreign antigen, and how they provide 
an immune memory in humoral immunity 

9. Where the T eells beeome immunocompe- 
tent and where they subsequently reside 

10. How T eells respond when they encounter 
an enemy eell, and how they provide an 
immune memory in eelhilar immunity 

22.4 Developmental and Oinieal 
Perspeetives (p. 626) 

1. How lymphatie vessels, lymph nodes, and 
the spleen develop in the human embryo 

2. How the lymphatie tissues and immune 
responses ehange in old age, and why 
elderly people are more susceptible to 
infectious diseases, eaneer, and autoim- 
mune diseases 

3. The three prineipal elasses of immune sys- 
tem disorders 

4. The cause of AIDS and the essential cellu- 
lar meehanism of how it produces the signs 
and symptoms of this disease 


Testing Your Reeall 


1. The only lymphatie organ with both affer- 
ent and efferent lymphatie vessels is 

a. the spleen. 

b. a lymph node. 
e. a tonsil. 

d. aPeyerpateh. 

e. the thymus. 

2. Which of the following eells are involved 
in nonspeeifie defense but not in adaptive 
imrmmity? 

a. helper T eells 

b. cytotoxic T eells 
e. natural killer eells 

d. B eells 

e. plasma eells 

3. The lethal hit is used by _ to kill 

enemy eells. 

a. neutrophils 

b. basophils 
e. mast eells 

d. NKeells 

e. cytotoxic T eells 

4. Which of these is a maerophage? 

a. mieroglia 

b. a plasma eell 


e. a reticular eell 

d. a helper T eell 

e. a mast eell 

5. Which of these lymphatie organs has a 
cortex and medulla: (I) spleen; (II) lymph 
node; (III) thymus; (IV) red bone marrow? 

a. II only 

b. III only 

e. II and III only 

d. IlIandlVonly 

e. I, II, andlll 

6. What eells form the blood-thymus barrier? 

a. astroeytes 

b. Hassall corpuscles 
e. T eells 

d. dendritie eells 

e. reticular epithelial eells 

7. Where do B eells attain immunocompetence? 

a. in the red bone marrow 

b. in the germinal eenters of the 
lymph nodes 

e. in the thymie cortex 

d. in the thymie medulla 

e. in the splenie white pulp 


8. If not for the proeess of negative seleetion, 
we would expect to see more 

a. allergies. 

b. lymphatie nodules in the MALT. 
e. antigen-presenting eells. 

d. immunodeficiency diseases. 

e. autoimmune diseases. 

9. Lymph nodes tend to be espeeially eoneen- 
trated in all of these sites except 

a. the eervieal region. 

b. the popliteal region. 
e. the earpal region. 

d. the inguinal region. 

e. the mesenteries. 

10. All lymph ultimately reenters the blood- 
stream at what point? 

a. the right atrium 

b. the eommon earotid arteries 
e. the internal iliae veins 

d. the subclavian veins 

e. the inferior vena eava 

11. Any mieroorganism eapable of causing 

disease is ealled a/an_. 

12. _is milky lymph, rieh in fat, absorbed 

from the small intestine. 
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13. Lymphatie vessels ealled_earry 

lymph from one lymph node to the next. 

14. The two lymphaties that empty into the 

subclavian veins are the_on the right 

and the_on the left. 

15. The latter duct in question 14 begins 

with a sae ealled the _ below the 

diaphragm. 


16. B eells beeome _ eells before they 

begin to seerete antibodies. 

17. Any eells that proeess antigens and dis- 

play fragments of them to aetivate immune 
reaetions are ealled_. 

18. The_is a lymphatie organ eom- 

posed mainly of hemopoietie islands and 
sinusoids. 


19. The ovoid masses of lymphoeytes that line 

the tonsillar erypts are ealled_. 

20. Any disease in which antibodies attaek one’s 

own tissues is ealled a/an_disease. 

Answers in appendix A 


Biiilding Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 
following word elements, and give a term in 
which it is used. 

1. -gen 

2. -itis 


3. adeno- 

4. -eetomy 

5. -pathy 

6. lympho- 

7. immuno- 

8. -megaly 


9. -oma 
10. ehylo- 


Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. B eells play roles in both nonspeeifie 
defense and adaptive immunity. 

2. T lymphoeytes undergo negative seleetion 
in the thymus. 

3. Lymphatie eapillaries are more permeable 
than blood eapillaries. 

4. T lymphoeytes are involved only in 
cellular immunity. 


5. The white pulp of the spleen gets its 
eolor mainly from lymphoeytes and 
maerophages. 

6. Obstmetion of a major lymphatie vessel is 
likely to cause edema. 

7. Lymph nodes are populated by B eells but 
not T eells. 

8. Lymphatie nodules are permanent 
structures enelosed in fibrous capsules. 


9. Tonsilleetomy is regarded as the current 
treatment of ehoiee for most eases of 
tonsillitis. 

10. Most plasma eells form in the germinal 
eenters of the lymph nodes. 

Answers in appendix A 


Testing Your Comprehension 


1. About 10% of people have one or more 
aeeessory spleens, typieally about 1 em 
in diameter and loeated near the hilum 
of the main spleen or embedded in the 
tail of the panereas. If a surgeon is per- 
forming a spleneetomy as a treatment for 
hypersplenism (see Deeper Insight 22.2), 
why would it be important to seareh for 
and remove any aeeessory spleens? What 
might be the consequences of overlooking 
one of these? 


2. In treating a woman for malignaney in the 
right breast, the surgeon removes some 
of her axillary lymph nodes. Following 
surgery, the patient experiences edema of 
her right arm. Explain why. 

3. Explain why a detailed knowledge of the 
pathways of lymphatie drainage is important 
to the elinieal management of eaneer. 

4. A burn researeh eenter uses miee for 
studies of skin grafting. To prevent graft 
rejeetion, the miee are thymeetomized at 


birth. Even though B eells do not develop 
in the thymus, these miee show no 
humoral immune response and are very 
susceptible to infeetion. Explain why the 
removal of the thymus would improve the 
success of skin grafts but adversely affeet 
humoral immunity. 

5. Contrast the structure of a B eell with 
that of a plasma eell, and explain how 
their structural differenee relates to their 
functional differenee. 















The bronehial trees, with eaeh bronchopulmonary 
segment shown in a different eolor (polymer east) 
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B reath represents life. The first breath of a baby and the 

last gasp of a dying person are two of the most dramatie 
moments of human experience. But why must we breathe? 
It eomes down to the faet that most of our metabolism direetly or 
indireetly requires ATP. Most ATP synthesis requires oxygen and 
generates earbon dioxide—thus driving the need to breathe in 
order to supply the former and eliminate the latter. The respiratory 
system eonsists essentially of tubes that deliver air to the lungs, 
where oxygen diffuses into the blood and earbon dioxide is 
removed from it. 

The respiratory and cardiovascular systems have such a 
elose functional and spatial relationship that a disorder of the 
lungs often has direet effeets on the heart, and viee versa. The 
two systems are often eonsidered jointly as the cordiopulmonory 
system. 



Overview of the 
Respiratory System 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be 
able to 

a. state the functions of the respiratory system; 

b. name the prineipal organs of this system; 

e. distinguish between the conducting and respiratory 
divisions; and 

d. distinguish between the upper and lower respiratory 
traets. 


The respiratory system is an organ system speeialized to provide 
oxygen to the blood and remove earbon dioxide from it. It has 
more diverse functions than are eommonly supposed: 

1 . Gas exhange. It provides for oxygen and earbon dioxide 
exchange between the blood and air. 

2. Communication. It serves for speeeh and other voealizations 
(laughing, erying). 

3. Olfaetion. It provides the sense of smell, which is important 
in soeial interaetions, food seleetion, and avoiding danger 
(such as a gas leak or spoiled food). 

4. Aeid-base balanee. By eliminating C0 2 , it helps to eontrol 
the pH of the body flmds. Excess C0 2 reaets with water and 
releases hydrogen ions: 

C0 2 + H 2 0->• H 2 C0 3 -► hco 3 - + H + 

Therefore, if the respiratory system does not keep paee with 
the rate of C0 2 production, H + accumulates and the body 
flmds have an abnormally low pH (aeidosis). 

5. Blood pressure regulation. The lungs earry out a step in the 
synthesis of a vasoeonstrietor ealled angiotensin II, which 
helps to regulate blood pressme. 


6. Blood and lymph flow. Breathing ereates pressme gradients 
between the thorax and abdomen that promote the flow of 
lymph and venous blood. 

7. Expulsion of abdominal eontents. Taking a deep breath 
and holding it while eontraeting the abdominal muscles (the 
Valsalva 1 maneiiver) helps to expel abdominal eontents during 
urination, defeeation, and ehildbirth. 

The prineipal organs of the respiratory system are the nose, 
pharynx, larynx, traehea, bronehi, and lungs (fig. 23.1). Within the 
lungs, air flows along a dead-end pathway eonsisting essentially 

of bronehi -bronehioles - ** alveoli (with some details to 

be introduced later). Drning inspiration 2 (inhaling), ineoming air 
stops in the alveoli (millions of thin-walled, mieroseopie air saes) 
and exchanges gases with the bloodstream aeross the alveolar wall; 
it flows baek out drning expiration (exhaling). 

The conducting division of the respiratory system eonsists 
of those passages that serve only for airflow, essentially from the 
nostrils through the bronehioles. No gases are exchanged with the 
blood in these passages because their walls are too thiek to allow for 
sufficiently rapid gas diffusion. The respiratory division eonsists of 
the alveoli and other distal gas-exchange regions. The airway from the 
nose through the larynx is often ealled the upper respiratory traet 


^Antonio Maria Valsalva (1666-1723), Italian anatomist 
2 spir = to breathe 
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Figure 23.1 The Respiratory System. AP[R 
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(that is, the respiratory organs in the head and neek), and the regions 
from the traehea through the lungs eompose the lower respiratory 
traet (the respiratory organs of the thorax). However, these are 
inexact terms and various authorities plaee the dividing hne between 
the upper and lower traets at different points. 

Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. What are some functions of the respiratory system other 
than supplying 0 2 to the body and removing C0 2 ? 

2. Which portions of the respiratory traet belong to the eon- 
ducting division? What portions belong to the respiratory 
division? How do the two divisions differ functionally? 

3. What is the distinetion between the upper and lower respi- 
ratory traets? 



The llpper 
Respiratory Traet 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. traee the flow of air from the nose through the larynx; 

b. deseribe the anatomy of these passages; 

e. relate the anatomy of any portion of the upper 
respiratory traet to its function; and 
d. deseribe the aetion of the voeal eords in speeeh. 


The Nose 

The nose has several functions: It warms, eleanses, and humidifies 
inhaled air; it deteets odors in the airstream; and it serves as a 
resonating ehamber that amplifies the voiee. It extends from a 
pair of anterior openings ealled the nostrils, or nares (NAIR-eze) 
(singular, naris ), to a pair of posterior openings ealled the posterior 
nasal apertures or ehoanae 3 (eo-AH-nee) (fig. 23.2b). 

The faeial part of the nose is shaped by bone and hyaline 
eartilage. Its superior half is supported by a pair of small nasal 
bones medially and the maxillae laterally. The inferior half is 
supported by the lateral and alar eartilages (fig. 23.3). By 
palpating your own nose, you ean easily find the boundary between 
the bone of the nasal bridge and the more flexible eartilage below. 
The flared portion at the lower end of the nose, ealled the ala nasi 4 
(AIL-ah NAZE-eye), is shaped by the alar eartilages and dense 
eonneetive tissue. 

The nasal eavity begins with a small dilated ehamber ealled 
the vestibule just inside eaeh nostril, bordered by the ala nasi. 


This spaee is lined with stratified squamous epithelium like the 
faeial skin and has stiff guard hairs, or vibrissae (vy-BRISS-ee), 
that bloek inseets and large airborne partieles from the nose. 
The nasal eavity is divided into right and left halves ealled 
nasal fossae (FAW-see) by a wall of bone and hyaline eartilage, the 
nasal septum. The septum has three eomponents: the bony vomer 
forming the inferior part, the perpendicular plate of the ethmoid 
bone forming the superior part, and a hyaline septal nasal eartilage 
forming the anterior part. The roof of the nasal eavity is formed by 
the ethmoid and sphenoid bones, and the hard palate forms its floor. 
The palate separates the nasal eavity from the oral eavity and allows 
you to breathe while chewing food (see Deeper Insight 7.2, p. 165). 
The nasal eavity reeeives drainage from the paranasal sinuses 
(see p. 155) and the nasolaerimal ducts of the orbits (see p. 480). 

There is not much spaee in the nasal eavity. Most of it is 
occupied by three bony serolls eovered by mucous membrane— 
the superior, middle, and inferior nasal eonehae 5 (CON-kee), or 
turbinates —that projeet from the lateral walls toward the septum 
(fig. 23.2). Beneath eaeh eoneha is a narrow air passage ealled a 
meatus 6 (me-AY-tus). The narrowness of these passages and the 
turbulence produced by the eonehae ensure that most air eontaets 
the mucous membrane on its way through. As it does, most dust in 
the air stieks to the mucus, and the air pieks up moisture and heat 
from the mucosa. The eonehae thus enable the nose to eleanse, 
warm, and humidify the air more effeetively than if the air had an 
unobstructed flow through a cavernous spaee. 

Odors are deteeted by sensory eells in the olfaetory 
epithelium, which eovers a small area of the roof of the nasal 
fossa and adjaeent parts of the septum and superior eoneha 
(see fig. 17.7, p. 469). The rest of the nasal eavity, except for 
the vestibule, is lined with respiratory epithelimn. Both of these 
are eiliated pseudostratified columnar epithelia. However, in the 
olfaetory epithelium, the eilia are immobile and serve to bind 
odor molecules. In the respiratory epithelium, they are mobile 
and serve to move the nasal mucus. The respiratory epithelium 
is similar to the one seen in figure 3.7 (p. 59). Its wineglass- 
shaped goblet eells seerete mucus, and its eiliated eells propel it 
posteriorly toward the pharynx. The mucosa also eontains mucous 
glands in the lamina propria (the eonneetive tissue layer beneath 
the epithelium). They supplement the mucus produced by the 
goblet eells. Inhaled dust, pollen, baeteria, and other foreign matter 
stiek to the mucus and are swallowed; they are either digested 
or pass through the digestive traet rather than eontaminating the 
lungs. The lamina propria is also well populated by lymphoeytes 
that mount immune defenses against inhaled pathogens, and by 
plasma eells that seerete antibodies into the tissue fluid. 

The lamina propria eontains large blood vessels that help to 
warm the air. The inferior eoneha has an espeeially extensive 
venous plexus ealled the ereetile tissue (swell body). Every 
30 to 60 minutes, the ereetile tissue on one side beeomes engorged 
with blood and restriets airflow through that fossa. Most air is then 
direeted through the other nostril and fossa, allowing the engorged 
side time to reeover from drying. Thus, the preponderant flow of 
air shifts between the right and left nostrils onee or twice eaeh hour. 


3 choana = funnel 

4 o/o = wing; nasi = of the nose 


5 concha = seashell 
6 meatus = passage 
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Figure 23.2 Anatomy of the Upper Respiratory Traet. (a) Median seetion of the head. (b) Internal anatomy. (e) Regions of the pharynx. 
• Drow o line oeross port (b) ofthis figure to indieote the boundory between the upper ond lower respirotory troets. 
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Figure 23.3 Anatomy of the Nasal Region. (a) External anatomy. 

(b) Connective tissues that shape the nose. 

• Which ofthe eortiloges in port (b) extends most deeply into the foee? 


The Pharynx 

The pharynx (FAIR-inks), or throat, is a muscular funnel extend- 
ing about 13 em (5 in.) from the ehoanae to the larynx. It has 
three regions: the nasopharynx, oropharynx, and laryngopharynx 

(fig. 23.2c). 

The nasopharynx lies posterior to the ehoanae and soft palate. 
It reeeives the auditory (eustachian) tubes from the middle ears 
and houses the pharyngeal tonsil. Inhaled air turns 90° downward 
as it passes through the nasopharynx. Relatively large partieles 
(>10 p,m) generally eannot make the turn because of their inertia. 
They eollide with the posterior wall of the nasopharynx and stiek 
to the mucosa near the tonsil, which is well positioned to respond 
to airborne pathogens. 


The oropharynx is a spaee posterior to the root of the tongue. 
It extends from the inferior tip of the soft palate to the superior 
tip of the epiglottis. Its anterior border is formed by the base of 
the tongue and the fauces (FAW-seez), the opening of the oral 
eavity into the pharynx. 

The laryngopharynx (la-RIN-go-FAIR-inks) begins at the tip 
of the epiglottis, passes downward posterior to the larynx, and ends 
where the esophagus begins at the level of the erieoid eartilage 
(deseribed shortly). 

The nasopharynx passes only air and is lined by pseudostrati- 
fied columnar epithelium, whereas the oropharynx and laryn- 
gopharynx pass air, food, and drink and are lined by stratified 
squamous epithelium. Muscles of the pharynx play neeessary roles 
in swallowing and speeeh. 


The Larynx 

The larynx (LAIR-inks) (“voiee box”) is a cartilaginous ehamber 
about 4 em long (fig. 23.4). Its primary function is to keep food 
and drink out of the airway, but it has evolved the additional role of 
sound production (phonation) in many animals, including humans. 

The superior opening of the larynx is guarded by a flap of tissue 
ealled the epiglottis 7 (figs. 23.4c and 23.5 a). At rest, the epiglottis 
usually stands almost vertieally. During swallowing, however, 
extrinsic muscles of the larynx pull the larynx upward toward the 
epiglottis, the tongue pushes the epiglottis downward to meet it, 
and the epiglottis eloses the airway and direets food and drink into 
the esophagus behind it. 

In infants, the larynx is relatively high in the throat, and the 
epiglottis touches the soft palate. This ereates a more or less continuous 
airway from the nasal eavity to the larynx and allows an infant to 
breathe continually while swallowing. The epiglottis defleets milk 
away from the airstream, like rain mnning off a tent while it remains 
dry inside. By age 2, the root of the tongue beeomes more muscular 
and forees the larynx to deseend to a lower position. It then beeomes 
impossible to breathe and swallow at the same time without ehoking. 

The framework of the larynx eonsists of nine eartilages. The 
first three are solitary and relatively large. The most superior 
one, the epiglottie eartilage, is a spoon-shaped supportive plate 
in the epiglottis. The largest, the thyroid 8 eartilage, is named 
for its shieldlike shape. It broadly eovers the anterior and lateral 
aspeets of the larynx. The ‘Adam’s apple” is an anterior peak of 
the thyroid eartilage ealled the laryngeal prominenee. Testosterone 
stimulates the growth of this prominenee, which is therefore larger 
in males than in females. Inferior to the thyroid eartilage is a 
ringlike erieoid 9 (CRY-coyd) eartilage. The thyroid and erieoid 
eartilages essentially constitute the “box” of the voiee box. 

The remaining eartilages are smaller and occur in three 
pairs. Posterior to the thyroid eartilage are the two arytenoid 10 
(AR-ih-TEE-noyd) eartilages, and attaehed to their upper ends 
is a pair of little horns, the eornieiilate 11 (cor-NICK-you-late) 


7 ep/ = above, upon; glottis = baek of the tongue 

8 thyr = shield; oid = resembling 

9 crico = ring; oid = resembling 

w aryten = ladle; oid = resembling 

^eorni = horn; cul = little; ate = possessing 
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Figure 23.4 Anatomy of the Larynx. Most muscles are removed in order to show the eartilages 
What three eartilages in this figure are more mobile than any other? APlR 


(e) Median 


eartilages. The arytenoid and corniculate eartilages function in 
speeeh, as explained shortly. A pair of cuneiform 12 (cue-NEE-ih- 
form) eartilages supports the soft tissues between the arytenoids 
and epiglottis. 

A group of fibrous ligaments bind the eartilages of the larynx 
together and form a suspension system for the upper airway. A 
broad sheet ealled the thyrohyoid ligament suspends the larynx 
from the hyoid bone above it, and below, the erieotraeheal 
ligament suspends the traehea from the erieoid eartilage. These 
are eolleetively ealled extrinsic ligaments because they link 
the larynx to these other organs. The intrinsie ligaments are 
eontained entirely within the larynx and link its nine eartilages 
to eaeh other. 

The walls of the larynx are also quite muscular. The deep 
intrinsie muscles operate the voeal eords, and the superficial 
extrinsic muscles eonneet the larynx to the hyoid bone and elevate the 
larynx during swallowing. The extrinsic muscles, also ealled the 
infrahyoid group, are named and deseribed in table 1L3 (p. 275). 

Within the larynx, two fibrous vestibular ligaments streteh like a 
V from the midpoint of the thyroid eartilage in front to two small 
eartilages posteriorly (fig. 23.5 a). They support the vestibular 
folds, which elose the larynx during swallowing to proteet against 
ehoking. Inferior and parallel to these are the voeal ligaments, 
which support the voeal eords (voeal folds). The voeal eords and 
the opening between them are eolleetively ealled the glottis. The 
voeal eords are eovered with stratified squamous epithelium, best 
suited to endure vibration and eontaet between the eords that occur 
during speeeh. 


U cune = vvedge; form = shape 
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Figure 23.5 Endoseopie Views of the Respiratory Traet. (a) Superior 

view of the larynx, seen with a laryngoseope. (b) The traeheal bifurcation, 
where its inferior end branehes into the right and left main bronehi, seen 
with a bronehoseope. 
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The intrinsie muscles eontrol the voeal eords by pulling on 
the corniculate and arytenoid eartilages, causing the eartilages 
to pivot. Depending on their direetion of rotation, the arytenoid 
eartilages abduct or adduct the voeal eords (fig. 23.6). Air foreed 
between the adducted voeal eords vibrates them, producing 
a high-pitehed sound when the eords are relatively taut and a 
lower-pitched sound when they are more relaxed. In adult males, 
the voeal eords are longer and thieker, vibrate more slowly, 
and produce lower-pitched sounds than in females. Loudness 
is determined by the foree of the air passing between the voeal 
eords. Although the voeal eords produce most sound, they do 
not produce intelligible speeeh. The crude sounds eoming from 
the larynx have been likened to a hunter’s duck eall. They are 
formed into words by aetions of the pharynx, oral eavity, tongue, 
and lips. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

4. Deseribe the histology of the mucous membrane of the 
nasal eavity and the fiinetions of the eell types present. 

5. Name the anterior and posterior openings that mark the 
beginning and end of the nasal eavity. 


6. What are the right and left halves of the nasal eavity ealled? 
What are the three seroll-like folds on the wall of eaeh nasal 
fossa ealled? What is their function? 

7. Palpate two of your laryngeal eartilages and name them. Name 
the ones that are impossible to palpate on a living person. 

8. Deseribe the roles of the intrinsie rrmseles, corniculate 
eartilages, and arytenoid eartilages in speeeh. 



The Lower 
Respiratory Traet 


Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. traee the flow of air from the traehea to the pulmonary 
alveoli; 

b. deseribe the anatomy of these passages; 

e. relate the gross anatomy of any portion of the lower 
respiratory traet to its function; 

d. relate the mieroseopie anatomy of the pulmonary 
alveoli to their role in gas exchange; and 

e. deseribe the relationship of the pleurae to the lungs. 
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Figure 23.6 Aetion of Some of the intrinsie Laryngeal Muscles on the Voeal Cords. (a) Adduction ofthe voeal eords by the lateral 
erieoarytenoid rrmseles. (b) Adducted voeal eords seen with the laryngoseope. (e) Abduction of the voeal eords by the posterior erieoarytenoid 
muscles. (d) Abducted voeal eords seen with the laryngoseope. 
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If you palpate your larynx, you will find the laryngeal prominenee 
of the thyroid eartilage only slightly above your sternum. Most 
of the rest of the respiratory traet is in the thorax rather than the 
head and neek, and is thus ealled the lower respiratory traet. This 
portion extends from the traehea to the pulmonary alveoli. 


The Traehea and Bronehi 

The traehea (TRAY-kee-uh), or “windpipe,” is a tube about 
12 em (4.5 in.) long and 2.5 em (1 in.) in diameter, lying anterior 
to the esophagus (fig. 23. 7a). It is supported by 16 to 20 C-shaped 
rings of hyaline eartilage, some of which you ean palpate between 
your larynx and sternum. The inner lining of the traehea is a 
pseudostratified columnar epithelium eomposed mainly of mucus- 
seereting goblet eells, eiliated eells, and short basal stem eells 
(figs. 23.7b and 23.8). The mucus traps inhaled partieles, and the 
upward beating of the eilia drives the debris-laden mucus toward 
the pharynx, where it is swallowed. This meehanism of debris 
removal is ealled the mucociliary esealator. 

The eonneetive tissue beneath the traeheal epithelium eon- 
tains lymphatie nodules, mucous and serous glands, and the 


traeheal eartilages. Like the wire spiral in a vacuum eleaner 
hose, the eartilage rings reinforee the traehea and keep it from 
eollapsing when you inhale. The word traehea 13 refers to the 
rough, eormgated surface texture imparted by these eartilage 
rings. The open part of the C faees posteriorly and allows room 
for the esophagus to expand as swallowed food passes by. The 
gap is spanned by smooth muscle tissue ealled the traehealis 
(fig. 23. 7c). Contraction or relaxation of this muscle narrows 
or widens the traehea to adjust airflow for eonditions of rest or 
exercise. The outermost layer of the traehea, ealled the adventitia, 
is fibrous eonneetive tissue that blends into the adventitia of other 
organs of the mediastinum. 

At the level of the sternal angle and the superior margin of 
vertebra T5, the traehea forks into right and left bronehi. The low- 
ermost traeheal eartilage has an internal median ridge ealled the 
earina 14 (ea-RY-na) that direets the airflow to the right and left 
(see fig. 23.5b). The bronehi are further traeed in the discussion of 
the bronehial tree of the lungs. 


u trache = rough 
u carina = keel 
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Figure 23.7 Anatomy of the Lower Respiratory Traet. (a) Anterior view. (b) Longitudinal seetion of the traehea showing the aetion of the 
mucociliary esealator. (e) Cross seetion of the traehea showing the C-shaped traeheal eartilage. APIR 
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i-1 

4 jn m 

Figure 23.8 The Traeheal Epithelium Showing Ciliated Cells and 
Noneiliated Goblet Cells. The small bumps on the goblet eells are 
mierovilli. 

• Whot is the function ofthe goblet eells? 


The Lungs 

Eaeh lung (fig. 23.9) is a somewhat eonieal organ with a broad, 
eoneave base resting on the diaphragm and a blimt peak ealled 
the apex projeeting slightly above the elaviele. The broad 
eostal surface is pressed against the rib eage, and the smaller 
eoneave mediastinal surface faees medially. The mediastinal 


DEEPER INSIGHT 



Traeheostomy 

The functional importanee of the nasal eavity beeomes espeeially 
obvious when it is bypassed. If the upper airway is obstructed, it 
may be neeessary to make a temporary opening in the traehea 
inferior to the larynx and insert a tube to allow airflow—a proee- 
dure ealled troeheostomy ,; 15 This prevents asphyxiation, but the 
inhaled air bypasses the nasal eavity and thus is not humidified. If 
the opening is left for long, the mucous membranes of the lower 
respiratory traet dry out and beeome encrusted, interfering with 
the elearanee of mucus from the traet and promoting infeetion. 
When a patient is on a ventilator and air is introduced direetly 
into the traehea, the air must be filtered and humidified by the 
apparatus to prevent respiratory traet damage. 


surface exhibits a slit ealled the hilum through which the lung 
reeeives the main bronchus, blood vessels, lymphatie vessels, and 
nerves. These structures constitute the root of the lung. 

The lungs are crowded by adjaeent viseera and neither fill 
the entire rib eage, nor are they symmetrie. Inferior to the lungs 
and diaphragm, much of the spaee within the rib eage is occupied 
by the liver, spleen, and stomaeh (see fig. A.5, p. 335). The right 
lung is shorter than the left because the liver rises higher on the 
right. The left lung, although taller, is narrower than the right 
because the heart tilts toward the left and occupies more spaee on 
this side of the mediastinum. On the medial surface, the left lung 
has an indentation ealled the eardiae impression where the heart 
presses against it (fig. 23.9a); part of this is visible anteriorly as 
a ereseent-shaped eardiae noteh in the margin of the lung. The 
right lung has three lobes— superior, middle, and inferior. A 
deep groove ealled the horizontal fissure separates the superior 
lobe from the middle lobe, and a similar groove ealled the oblique 
fissure separates the middle and inferior lobes. The left lung has 
only a superior and inferior lobe and a single oblique fissure. 

The Bronehial Tree 

Eaeh hmg eontains a branehing system of air tubes ealled the 
bronehial tree, extending from the main brondms to the terminal 
bronehioles. From the fork in the traehea, the right main bronchus 16 
(BRON-cus) measures about 2 to 3 em long. It is slightly wider and 
more vertieal than the left one; consequently, inhaled (aspirated) 
foreign objeets lodge more often in the right bronchus than in the 
left. Just before entering the lung, the right main bronchus gives off 
a superior lobar bronchus. The main and lobar bronehi enter the 
hilum of the lung together. The superior lobar bronchus projeets 
into the superior lobe of the lung, and the main bronchus continues 
a little farther and branehes into middle and inferior lobar bronehi 
to the lower two lobes of the lung. The left main bronchus is about 
5 em long and is narrower and more horizontal than the right. It 
enters the hilum of the left lung before branehing, then gives off 
superior and inferior lobar bronehi to the two lobes of that lung. 

In both lungs, eaeh lobar bronchus branehes into segmental 
bronehi. Eaeh of these ventilates one functionally independent unit 
of lung tissue ealled a bronchopulmonary segment. There are 10 
of these in the right lung and 8 in the left (see photo on p. 631). 

The main bronehi are supported, like the traehea, by C-shaped 
hyaline eartilages, whereas the lobar and segmental bronehi are 
supported by overlapping ereseent-shaped cartilaginous plates. All 
of the bronehi are lined by a eiliated pseudostratified columnar 
epithelium, but the eells grow shorter and the epithelium thinner 
as we progress distally. The lamina propria beneath the epithelium 
exhibits mucous glands and many aggregations of lymphoeytes 
(mucosa-associated lymphatie tissue, MALT), favorably positioned 
to respond to inhaled pathogens. All divisions of the bronehial tree 
also have a substantial amount of elastie eonneetive tissue, which 
contributes to the reeoil that expels air from the lungs in eaeh 
respiratory eyele. The nrneosa also has a well-developed layer of 
smooth muscle, the muscularis mucosae, which regulates airway 
diameter and airflow. 


^stomy = making a hole 


^broneh = vvindpipe 
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Figure 23.9 Gross Anatomy ofthe Lungs. AP|R 


Bronehioles (BRON-kee-oles) are continuations of the airway 
that laek supportive eartilage and are 1 mm or less in diameter. The 
portion of the lung ventilated by one bronehiole is ealled a pulmo- 
nary 17 lobule. The epithelium of the bronehioles starts out as eiliated 
pseudostratified columnar in the larger, more proximal passages. As 
we progress distally, it gets thinner (the eells do not grow as tall) and 
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pulmon = lung; ory = pertaining to 


grades into simple columnar and finally 
simple cuboidal epithelmm. Bronehioles laek 
mucous glands and goblet eells, but they are 
eiliated throughout. It is an important point 
that the eilia continue more deeply into the 
airway than the mucous glands and goblet 
eells do. This ensures that mucus draining 
distally from those gland eells ean still be 
captured by the beating eilia and eleared 
from the airway. Aside from the epithelium, 
the mucosa of the bronehioles eonsists 
mainly of smooth muscle. Spasmodie eon- 
traetions of this nrnsele at death cause the 
bronehioles to exhibit a wavy lumen in most 
histologieal seetions (fig. 23.10a). 

Eaeh bronehiole divides into 50 to 80 
terminal bronehioles, the final branehes 
of the conducting division; there are about 
65,000 of these in eaeh lung. They measure 
0.5 mm or less in diameter. Eaeh terminal 
bronehiole gives off two or more smaller 
respiratory bronehioles, which have alveoli 
budding from their walls. Respiratory bron- 
ehioles are the beginning of the respiratory 
division. Their walls have seanty smooth 
muscle, and the smallest of them are 
noneiliated. Eaeh respiratory bronehiole 
divides into 2 to 10 elongated, thin-walled 
passages ealled alveolar ducts, which also 
have alveoli along their walls (fig. 23.10). 
The alveolar ducts and smaller divisions have 
noneiliated simple squamous epithelia. The 
ducts end in alveolar saes, which are clusters 
of alveoli arrayed around a eentral spaee ealled 
the atrium (fig. 23.10a). The distinetion 
between an alveolar duct and atrium is their 
shape—an elongated passage or a spaee with 
about equal length and width. It is sometimes 
a subjective judgment whether to regard a 
spaee as an alveolar duct or atrium. 

Sinee air in the conducting division of 
the respiratory traet eannot exchange gases 
with the blood, the lumen of the conducting 
division is ealled the anatomieal dead spaee. 
In a state of relaxation, parasympathetie 
nerve fibers (from the vagus nerve) 
stimulate the muscularis mucosae and 
keep the airway partially eonstrieted. This 
minimizes the dead spaee so that a greater 
pereentage of the inhaled air goes to the alveoli, where it ean 
oxygenate the blood. In exercise, the sympathetie nerves relax the 
smooth muscle and dilate the airway. Even though this inereases 
the dead spaee, it enables air to flow more easily and rapidly so 
the alveoli are better ventilated in proportion to the demands of 
exercise. The inereased airflow more than eompensates for the 
inereased dead spaee. Bronehioles exert the greatest eontrol over 
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Figure 23.10 Histology of the Lung. (a) Light mierograph. (b) Seanning eleetron mierograph. Note the spongy texture of the lung. 
• Histologieolly, how eon we tell thot the lorge possoge in the middle ofport (o) is o bronchus ond not o bronehiole? 


airflow for two reasons: (1) They are the most numerous eompo- 
nents of the conducting division; and (2) with their well-developed 
smooth muscle and laek of restrietive eartilage, they ean ehange 
relative diameter more than the larger air passages ean. Narrowing 
of the bronehioles is ealled bronehoeonstrietion, and widening is 
ealled bronehodilation. 

As deseribed in ehapter 20, the lungs reeeive blood from 
both the pulmonary arteries and bronehial arteries. Branehes of 
the pulmonary artery elosely follow the bronehial tree on their 
way to eapillaries surrounding the alveoli (fig. 23.11), where gas 
exchange occurs. Branehes of the bronehial arteries serviee the 
bronehi, bronehioles, and some other pulmonary tissues; they do 
not extend to the alveoli (see p. 581). The lungs are the only organs 
to reeeive both a pulmonary and a systemie blood supply. 

Alveoli 

Eaeh human lung is a spongy mass with about 150 million little 
saes, the alveoli, which provide about 70 m 2 of surface for gas 
exchange. An alveolus 18 (AL-vee-OH-lus) is a pouch about 0.2 to 
0.5 mm in diameter (fig. 23.11). Thin, broad eells ealled squamous 
(type I) alveolar eells eover about 95% of the alveolar surface area. 
Their thinness allows for rapid gas diffusion between the alveolus 
and bloodstream. The other 5% is eovered by round to cuboidal 
great (type II) alveolar eells. Even though they eover less surface 
area, great alveolar eells eonsiderably outnumber the squamous 
alveolar eells. By analogy to baked goods, we could eompare the 
shapes and surface areas of type I versus type II alveolar eells to a 
thinly rolled pie crust versus muffins, respeetively. Great alveolar 


]8 olveol = small eavity, little spaee 


eells have two functions: (1) They repair the alveolar epithelium 
when the squamous alveolar eells are damaged; and (2) they seerete 
pnlmonary surfactant, a mixture of phospholipids and protein that 
eoats the alveoli and smallest bronehioles and prevents them from 
eollapsing when one exhales. Without surfactant, the walls of a 
deflating alveolus would eling together like sheets of wet paper, 
and it would be very difficult to reinflate the alveoli on the next 
inspiration (see Deeper Insight 23.4). 

The most numerous of all eells in the lung are alveolar 
maerophages (dust eells), which wander the lumens of the alveoli 
and the eonneetive tissue between them. These eells keep the alveoli 
free of debris by phagoeytizing dust partieles that eseape entrapment 
by mucus in the higher parts of the respiratory traet. In lungs that 
are infeeted or bleeding, the maerophages also phagoeytize baeteria 
and loose blood eells. As many as 100 million alveolar maerophages 
perish eaeh day as they ride up the mucociliary esealator to be 
swallowed and digested, ridding the lungs of their load of debris. 

Eaeh alveolus is surrounded by a basket of blood eapillaries 
supplied by the pulmonary artery. The barrier between the alveolar 
air and blood, ealled the respiratory membrane, eonsists only 
of the squamous alveolar eell, the squamous endothelial eell of 
the eapillary, and their shared basement membrane (fig. 23.1 lb). 
These have a total thiekness of only 0.5 p,m, in eontrast to the 7 pm 
diameter of the erythroeytes passing through the eapillaries. 

It is very important to prevent fluid from accumulating in the 
alveoli, because gases diffuse too slowly through liquid to sufficiently 
aerate the blood. Except for the film of moisture on the alveolar wall, 
the alveoli are kept dry by the absorption of excess liquid by the blood 
eapillaries and abundant lymphatie eapillaries of the lungs. The lungs 
have a more extensive lymphatie drainage than any other organ in the 
body. This keeps us from drowning in our own serous fluid. 
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Figure 23.11 Pulmonary Alveoli. (a) Clusters of alveoli and their blood supply. (b) Structure of an alveolus. (e) Structure of the respiratory membrane. 


The Pleurae 

Eaeh lung is enfolded in a two-layered serous membrane, the 
pleura (PLOOR-uh). The layer on the lung surface is ealled the 
viseeral pleura and extends into the fissures between the lobes of 


the lung. At the hilum, the viseeral pleura turns baek on itself and 
forms the parietal pleura, which adheres to the mediastinum, 
inner surface of the rib eage, and superior surface of the diaphragm 
(fig. 23.12). An extension of the parietal pleura, the pulmonary 
ligament, eonneets it to the diaphragm. 


Anterior 



Perieardial — 
eavity 

Heart- 

Left lung- 

Viseeral- 

pleura 

Pleural eavity 

Parietal- 

pleura 



Breast 

Sternum 

Ribs 


Right lung 



cu 

CJ 


Aorta -g 
Vertebra 1 

CJ 

Spinal eord | 




Posterior 

Figure 23.12 Cross Seetion Through the Thoraeie Cavity. This photograph is oriented the same way as the reader’s body. The pleural eavity is 
espeeially evident where the left lung has shrunken away from the thoraeie wall, but in a living person, the lung fully fills this spaee, the parietal and 
viseeral pleurae are pressed together, and the pleural eavity is only a potential spaee between the membranes, as on the right side of this photograph. 
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The spaee between the parietal and viseeral pleurae is ealled 
the pleural eavity. It eontains only a thin film of slippery pleural 
fluid; thus, the pleural eavity is only a potential spaee, meaning 
there is normally no room between the membranes. Under 
pathologieal eonditions, however, this spaee ean fill with air 
or liquid, separating the membranes and eompressing the lung 
(see pneumothorax in Deeper Insight 23.2). 

The pleurae and pleural fluid have three functions: 

1. Reduction of frietion. Pleural fluid aets as a lubricant that 
enables the lungs to expand and eontraet with minimal frietion. 

2. Creation of a pressure gradient. During inspiration, the rib 
eage expands and draws the parietal pleura outward along 
with it. The viseeral pleura elings to the parietal pleura, 

and sinee the viseeral pleura is the lung surface, its outward 
movement expands the lung. The air pressure within the lung 
thus drops below the atmospherie pressure outside the body, 
and outside air flows down its pressure gradient into the lung. 



Pulmonary Collapse 

Palmonary eollapse (eollapsed lung), or oíe/eeíos/'s 19 (AT-eh-LEC- 
ta-sis), is a state in which part or all of a lung is devoid of air. It is 
the normal state of a fetus and a newborn that has not drawn the 
first breath. After breathing begins, eases of pulmonary eollapse 
fall into two eategories: eompression and absorption ateleetasis. 

Compression ateleetasis is due to external pressure on the 
lung preventing its eomplete expansion. The pressure may eome 
from blood, serous fluid, or air in the pleural eavity. Air in the 
pleural eavity, a state ealled pneumothorax, 20 often results from 
“sucking wounds” to the ehest—for example, when the thoraeie 
wall is punctured by a knife or a broken rib and inspiration sucks 
air through the opening. The viseeral and parietal pleurae sepa- 
rate and the lung reeoils from the thoraeie wall and eollapses. 
Pneumothorax ean also occur in the absenee of a ehest wound 
if a weakened, ballooning area of the lung surface (ealled a bleb) 
ruptures and air flows from the lung into the pleural eavity. 

Absorption ateleetasis occurs when gases are absorbed into 
the blood and not replaeed by fresh air, resulting in eollapse ofthe 
alveoli. It ean occur when the airway is obstmeted by a mucous 
plug or an aspirated foreign objeet such as a bite of food, or when 
it is eompressed by an adjaeent tumor or pulmonary aneurysm. 
It also frequently occurs after surgery, espeeially if a patient is 
in pain and is reluctant to breathe deeply or ehange position in 
bed. Postoperative patients are encouraged to breathe deeply 
because it promotes the elearanee of seeretions from the lungs, 
the even distribution of surfactant, and the flow of air from better- 
ventilated alveoli into less-ventilated ones. 

When one lung eollapses, the positive pressure in that pleural 
eavity ean shift the entire mediastinum (including the heart and 
major blood vessels) toward the other pleural eavity, eompress- 
ing and partially eollapsing that lung as well. 


19 oíe/ = imperfeet; eetasis = expansion 
20 pneumo = air, lung 


3. Compartmentalization. The pleurae, mediastinum, and 
pericardium eompartmentalize the thoraeie organs and 
prevent infeetions of one organ from spreading easily to 
neighboring organs. 


Apply What You Know 

In what ways does eompression ateleetasis of the lung (Deeper 
Insight 23.2) eompare with eardiae tamponade (Deeper Insight 1.2)? 


Before Yoii Go On 


Ansvver the follovving questions to testyour understanding ofthe 
preeeding seetion: 

9. A dust partiele is inhaled and gets into an alveolus without 
being trapped along the way. Deseribe the path it takes, 
naming all air passages from nostrils to alveoli. What would 
happen to it after arrival in an alveolus? 

10. Contrast the epithelium of the bronehioles with that of the 

alveoli and explain how the structural differenee is related 
to their functional differenees. 

11. Deseribe the relationship of the parietal and viseeral pleu- 
rae to the lungs and thoraeie wall. 



Neuromuscular 
Aspeets of Respiration 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. identify the muscles that ventilate the lungs and 
deseribe their respeetive roles; 

b. deseribe the brainstem eenters and peripheral nerves 
that eontrol breathing, and explain their functions; and 

e. identify the inputs that influence the aetivity of those 
brainstem eenters. 


The Respiratory Muscles 

The lungs do not ventilate themselves. The only muscle they eon- 
tain is smooth muscle in the walls of the bronehi and bronehioles, 
which does not ereate the airflow but only affeets its speed. The 
driving foree for pulmonary ventilation eomes from the skeletal 
muscles of the trunk, espeeially the diaphragm and intereostal 
muscles (fig. 23.13). 

The prime mover of pulmonary ventilation is the diaphragm, 
the muscular dome that separates the thoraeie eavity from the 
abdominal eavity. It alone accounts for about two-thirds of 
the pulmonary airflow. When relaxed, it bulges upward to its 
farthest extent, pressing against the base of the lungs. The lungs 
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Sternoeleidomastoid 
(elevates sternum) 


Sealenes 
(fix or elevate ribs 1-2) 


External intereostals 

(elevate ribs 2 - 12 , 
widen thoraeie eavity) 


Peetoralis minor (cut) 
(elevates ribs 3-5) 


Internal intereostals, 
intercartilaginous part 
(aid in elevating ribs) 


Diaphragm- 

(deseends and 
inereases depth 
of thoraeie eavity) 



Figure 23.13 The Respiratory Muscles. Boldfaee indieates the prineipal 

respiratory muscles; the others are aeeessory. Arrows indieate the direetion of 
muscle pull. Muscles listed on the left are aetive during inspiration, and those on 
the right are aetive during foreed expiration. Note that the diaphragm is aetive in 
both phases, and different parts of the internal intereostals serve for inspiration and 
expiration. Some other aeeessory muscles not shown here are discussed in the text 



Internal intereostals, 
eostal part 

(depress ribs 1-11, 
narrow thoraeie eavity) 

Diaphragm 

(aseends and 
reduces depth 
of thoraeie eavity) 

Rectus abdominis 
(depresses lower ribs, 
pushes diaphragm upward 
by eompressing 
abdominal organs) 

External abdominal oblique 
(same effeets as 
rectus abdominis) 


are then at their minimum volume. When the diaphragm eon- 
traets, it tenses and flattens somevvhat, dropping about 1.5 em 
in relaxed inspiration and as much as 7 em in deep breathing. 
This enlarges the thoraeie eavity in the superior inferior diree- 
tion, expanding the lungs and sucking in air. When the diaphragm 
relaxes, it bulges upward again, eompresses the lungs, and 
expels air. 

Several other muscles aid the diaphragm as synergists. Chief 
among these are the internal and external intereostal muscles 
between the ribs. Their primary function is to stiffen the thoraeie 
eage during respiration and prevent it from eaving inward when the 
diaphragm deseends. However, they also contribute to enlargement 
and eontraetion of the thoraeie eage and add about one-third of the 
air that ventilates the lungs. During quiet breathing, the sealene 
muscles of the neek aet as fixators, holding ribs 1 and 2 stationary 
while the external intereostal muscles pull the other ribs upward. 
Sinee most ribs are anehored at both ends—by their attaehment 
to the vertebral column at the proximal (posterior) end and their 
attaehment through the eostal eartilage to the sternum at the distal 
(anterior) end—they swing upward like the handle on a bucket and 
thrnst the sternum forward. Deseent of the diaphragm during inspi- 
ration also thmsts the sternum forward. These aetions inerease both 
the transverse (left to right) and anteroposterior dimensions of the 


ehest. In deep breathing, the anteroposterior dimension inereases 
by as much as 20%. 

Other muscles of the ehest and abdomen also aid in breath- 
ing, espeeially during foreed respiration—that is, taking deeper 
breaths than normal. These are eonsidered the aeeessory mnseles 
of respiration. Deep inspiration is aided by the ereetor spinae, 
which arehes the baek and inereases AP ehest diameter, and by 
several muscles that elevate the upper ribs: the sternoeleidomas- 
toids and sealenes of the neek; the peetoralis minor, peetoralis 
major, and serratus anterior of the ehest; the serratm posterior 
superior; and the intercartilaginous (interehondral) part of the 
internal intereostal muscles (the anterior part of the muscles 
between the eostal eartilages). Although the sealenes merely fix 
the upper ribs during quiet respiration, they elevate them during 
foreed inspiration. 

Normal expiration is an energy-saving passive proeess aehieved 
by the elastieity of the lungs and thoraeie eage. The bronehial tree, 
the attaehments of the ribs to the spine and stermim, and the tendons 
of the diaphragm and other respiratory muscles all have a degree of 
elastieity that causes them to spring baek when the muscles relax. As 
these structures reeoil, the thoraeie eage diminishes in size, the air 
pressure in the lungs rises above the atmospherie pressure, and the 
air flows out. The only muscular effort involved in normal expiration 
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is a braking aetion—that is, the muscles relax gradually rather than 
abmptly, thus preventing the lungs from reeoiling too suddenly. This 
makes the transition from inspiration to expiration smoother. 

But during foreed expiration—for example, when singing or 
shouting, coughing or sneezing, or playing a wind instmment—the 
rectus abdominis pulls down on the sternum and lower ribs, while 
the interosseous (eostal) part of the internal intereostal muscles 
(the part between the ribs proper) pulls the other ribs downward. 
These aetions reduce the ehest diameter and help to expel air more 
rapidly and thoroughly than usual. Other muscles that contribute 
to foreed expiration are the latissimus dorsi of the lower baek, the 
transverse and oblique abdominal muscles, the serratus posterior 
inferior, and even some muscles of the pelvie floor. They raise 
the pressure in the abdominal eavity and push some of the vis- 
eera, such as the stomaeh and liver, up against the diaphragm. This 
inereases the pressure in the thoraeie eavity and thus helps to expel 
air. This “abdominal breathing” is particularly important in sing- 
ing, public speaking, coughing, and sneezing. 


Respiratory Neuroanatomy 

The heartbeat and breathing are the two most conspicuously 
rhythmie proeesses of the body, but the heart eontains its own 
paeemaker whereas the lungs do not. As we have just seen, breath- 
ing requires the eoordinated aetion of numerous skeletal muscles. 
These must be under eentralized eontrol; therefore, they depend 
on output from the brain. Breathing is eontrolled at two levels of 
the brain. One is eerebral and conscious, enabling us to inhale 
or exhale at will. Most of the time, however, we breathe without 
thinking about it—fortunately, for we otherwise could not go to 
sleep without fear of respiratory arrest (see Deeper Insight 23.3). 

The automatic, unconscious eyele of breathing is eontrolled 
by three respiratory eenters in the medulla oblongata and pons 
(fig. 23.14). Eaeh of these is paired, left and right, with transverse 
eonneetions between them. 

1 . The ventral respiratory group (VRG) is the primary 
paeemaker of the respiratory rhythm. It is an elongated neural 
network in the medulla that issues output signals to an integrating 
eenter in the spinal eord. The left and right spinal eenters relay 
signals by way of the phrenie nerves to the diaphragm and by 
way of intereostal nerves to the external intereostal muscles. 
Periodie output from the VRG ereates the basie eyele of 
eontraetion and relaxation of these muscles, causing inspiration 
and expiration. The following eontrol eenters alter that basie 

rhy thm to meet ever-ehanging phy siologieal needs. 

2. The dorsal respiratory group (DRG) is an elongated 
mass of neurons that extends for much of the length of the 
medulla near the eentral eanal, posterior to the VRG. It is 
apparently an integrating eenter that reeeives input from the 
pontine respiratory group (next); from eentral and peripheral 
ehemoreeeptors deseribed shortly; and from reeeptors in the 
lungs for streteh and irritants. The DRG issues output to the 
VRG to modify the breathing rhythm. 

3. The pontine respiratory group (PRG) (formerly ealled 
the pneumotaxic eenter) is a nucleus in the pons. It reeeives 


input from higher brain eenters and issues output to the DRG 
and VRG. Its effeet is to make breathing faster or slower, 
shallower or deeper; and to adapt to circumstances such as 
sleep, exercise, voealization, and emotional responses. 

These respiratory eenters reeeive input from multiple sources: 

• Central ehemoreeeptors are brainstem neurons that respond 
espeeially to ehanges in the pH of the eerebrospinal fluid. 
They are eoneentrated on eaeh side of the medulla oblongata 
about 0.2 mm beneath its anterior surface. 

• Peripheral ehemoreeeptors occur in the aortie areh and 
earotid bodies (fig. 23.15). They respond to the 0 2 and C0 2 
eontent and pH of the blood. The aortie bodies communicate 
with the medulla by way of the vagus nerves, and the earotid 
bodies communicate by way of the glossopharyngeal nerves. 

• Streteh reeeptors are found in the smooth muscle of the 
bronehi and bronehioles and in the viseeral pleura. They eom- 
municate with the DRG via the vagus nerves and respond to 
inflation of the lungs. Excessive inflation triggers a proteetive 
reflex that strongly inhibits inspiration. 

• Irritant reeeptors are nerve endings in the epithelia of the 
airway. They respond to smoke, dust, pollen, ehemieal fumes, 
eold air, and excess mucus. They, too, transmit signals to the 
DRG via the vagus nerves. The DRG responds with proteetive 
reflexes such as coughing, bronehoeonstrietion, shallower 
breathing, or breath holding. 

• Higher brain eenters feed into the PRG, DRG, and 
spinal eord integrating eenters. Thus, the limbie system, 
hypothalamus, and eerebral cortex influence the respiratory 
eenters. This input allows for conscious eontrol over breathing 
(as in holding one’s breath) and for emotions to affeet 
respiration—for example, in gasping, erying, and laughing, 
and when anxiety provokes a bout of hyperventilation (rapid 
breathing in excess of physiologieal need). Signals for 
voluntary eontrol over breathing travel down the eortieospinal 
traets to the respiratory neurons in the spinal eord, bypassing 
the brainstem eenters. 


DEEPER INSIGHT 


Ondine’s Curse 



ln German legend, there was a water nymph named Ondine who 
took a mortal lover. When her lover proved unfaithful, the king of 
the nymphs put a curse on him that took away his automatic physio- 
logieal functions. Consequently, he had to remember to take eaeh 
breath, and he could not go to sleep or he would die of suffocation— 
which, as exhaustion overtook him, was indeed his fate. 

Some people suffer a disorder ealled Ondine’s curse, in which 
the automatic respiratory functions are disabled—usually as a 
result of brainstem damage from poliomyelitis or as an aeeident 
of spinal eord surgery. Vietims of Ondine’s curse must remember 
to take eaeh breath and eannot sleep without using a meehanieal 
ventilator or being awakened repeatedly by episodes of opneo 
(temporary eessation of breathing). 
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lnputs to respiratory 
eenters of medulla 

Outputs to spinal eenters 
and respiratory muscles 


Output from 
hypothalamus, 
limbie system, and 
higher brain eenters 


Pontine respiratory 
group (PRG) 



Dorsal respiratory 
group (DRG) 


Ventral respiratory 


Diaphragm and intereostal muscles 


Figure 23.14 Respiratory Oenters in the Oentral Nervous System. The ventral respiratory 
group (VRG) is the primary paeemaker of the breathing rhythm. It communicates with the 
respiratory muscles by way of spinal integrating eenters that send signals to the muscles 
through the intereostal and phrenie nerves. See the text for explanation of the various inputs 
shown here that modify the rhythm of the VRG. (n. = nerve, nn. = nerves) 


Aeeessory muscles 
of respiration 
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Sensory nerve fiber 
in glossopharyngeal 
nerve 


Sensory nerve fibers 
in vagus nerves 


Common earotid artery 


Aorta 


Figure 23.15 

The Peripheral 
Chemoreceptors 
of Respiration. 



Carotid body 


Aortie bodies 


Heart 


Apply What You Know 

Some authorities refer to the respiratory rhythm as an outonomic 
function. Discuss vvhether you think this is an appropriate vvord 
for it. What are the effeetors of the autonomic nervous system? 
(See ehapter 16.) What are the effeetors that ventilate the lungs? 
What bearing might this have on the question? 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

12. Explain vvhy breathing is not eontrolled by a paeemaker in 

the lungs. 

13. What is the prime mover of respiration? What muscle group 

aets as the most important synergist? What nerves innervate 
eaeh of these? 

14. Name some other synergists that aet during foreed inspira- 

tion and some that aet during foreed expiration. 

15. State the names and loeations of the three pairs of brain- 

stem nuclei that regulate the respiratory rhythm. What role 
does eaeh one play? 

16. From vvhat sources do the respiratory nuclei reeeive input 

that influences respiration? 



Developmental and 
eiìnìeal Perspeetìves 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the prenatal development of the respiratory 
system; 

b. deseribe the ehanges that occur in the respiratory 
system in old age; and 

e. deseribe some eommon respiratory disorders. 


Prenatal and Neonatal Development 

The first embryonie traee of the respiratory system is a small pouch 
in the floor of the pharynx ealled the pulmonary groove, appearing 
at about 3.5 weeks. The groove grows down the mediastimim as an 
elongated tube, the future traehea, and branehes into two lung buds 
by week 4 (fig. 23.16). The lung buds braneh repeatedly and grow 
laterally and posteriorly, occupying the spaee posterior to the heart. 
Repeated branehing produces the bronehial tree, which is eompleted 
as far as the bronehioles by the end of month 6. For the remainder of 
gestation and after birth, the bronehioles bud off alveoli. The adult 
number of alveoli is attained around the age of 10 years. 

By week 8, the lungs are isolated from the heart by the growth 
of the pericardium; and by week 9, the diaphragm forms and 
separates the lungs and pleurae from the abdominal eavity. At 
28 weeks, the respiratory system is usually adequately developed 
to support independent life (see Deeper Insight 23.4). 

By 11 weeks, the fetus begins respiratory movements ealled 
fetal breathing, in which it rhythmieally inhales and exhales amni- 
otie fluid for as much as 8 hours per day. Fetal breathing stimulates 
lung development and eonditions the respiratory muscles for life 
outside the womb. It eeases during labor. When the newborn infant 
begins breathing air, the fluid in the lungs is quickly absorbed by 
the pulmonary lymphatie and blood eapillaries. 

For the newborn infant, breathing is very laborious at first. 
The fetal lungs are eollapsed and airless, and the neonate must 
take very strenuous first breaths to pop the alveoli open. Onee they 
are fully inflated, the alveoli normally never eollapse again. Even the 
pulmonary blood vessels are eollapsed in the fetus, but as the infant 
takes its first breaths, the drop in thoraeie pressure draws blood into 
the pulmonary circulation and expands the vessels. As pulmonary 
resistanee drops, the foramen ovale and ductus arteriosus elose 
(see p. 602), and pulmonary blood flow inereases to mateh the airflow. 


Apply What You Know 

In a eertain eriminal investigation, the pathologist performing 
an autopsy on an infant removes the lungs, plaees them in a 
pail of vvater, and concludes that the infant vvas live-born. What 
do you think the pathologist savv that led to this conclusion? 
What eontrasting observation would suggest that an infant had 
been stillborn? 
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Figure 23.16 Embryonie 

Development of the 
Future Respiratory System. 
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3 weeks 


4 weeks 
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tree 
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DEEPER INSIGHT 



Premature Birth and Respiratory Distress Syndrome 


Premature infants often suffer from respirotory distress syndrome 
(RDS), also ealled hyoline membrone diseose (eompare adult 
respiratory distress syndrome, table 23.1). They have not yet 
produced enough pulmonary surfactant to keep the alveoli open 
betvveen inspirations. Consequently, the alveoli eollapse during 
expiration, and a great effort is required to reinflate them. The 
infant beeomes exhausted by the effort to breathe, and beeomes 
progressively eyonotie (blue) because of the defieieney of oxygen 
in the blood (hypoxemio 2} ). Progressive destruction of the alveolar 
epithelium and eapillary vvalls leads to leakage of plasma into the 
alveolar air spaees and eonneetive tissue betvveen the alveoli. The 
plasma coagulates and the alveoli fill vvith stiff elear “membranes” 
of fibrin, fibrinogen, and eell debris. Eventually, the infant eannot 
inhale forcefully enough to inflate the alveoli again; without 
treatment, death ensues from hypoxemia and earbon dioxide 
retention (hypereopnio 22 ). 

RDS occurs in about 60% of infants born before 28 weeks 
of gestation, and 15% to 20% of those born between 32 and 
36 weeks. It is the most eommon cause of neonatal death, with 


about 60,000 eases and 5,000 deaths per year in the llnited 
States. In addition to premature birth, some risk faetors for RDS 
include maternal diabetes, oversedation of the mother during 
labor, aspiration of blood or amniotie fluid, and prenatal hypoxia 
caused by winding ofthe umbilical eord around the neek. 

RDS ean be treated with a ventilator that forees air into the 
lungs and keeps the alveoli inflated (positive end-expirotory 
pressure, PEEP) until the infant’s lungs produce their own 
surfactant, and by giving a mist of surfactant from external 
sources such as ealf lungs or genetieally engineered baeteria. 
The infant may also be given oxygen therapy, but this is a limited 
and risky treatment because oxygen generates damaging 
free radieals that ean cause blindness and severe bronehial 
problems. Oxygen toxicity ean be minimized by a technique 
ealled extrocorporeol membrone oxygenotion (ECMO), which 
is similar to the heart-lung bypass procedure used in surgery. 
Blood flows from eatheters in the baby’s neek to a maehine 
that oxygenates it, warms it, and returns it to the body. ECMO 
is, however, a high-risk procedure used only in extreme eases. 


21 /iypo = defieieney; ox = oxygen; emio = blood eondition 
22 hyper = excessive; eapn = smoke, earbon dioxide; ia = eondition 
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The Aging Respiratory System 


Pulmonary ventilation deelines steadily after the 20s and is one 
of several faetors in a person’s gradual loss of stamina. The eostal 
eartilages and joints of the thoraeie eage beeome less flexible, the 
lungs have less elastie tissue, and there are fewer alveoli in old 
age. There is a eorresponding deeline in the volume of air inhaled 
in eaeh breath (tidal volume), the maximum amount of air a person 
ean inhale (vital eapaeity), and the maximum speed of airflow 
(foreed expiratory volume). The elderly are also less eapable of 
elearing the lungs of irritants and pathogens, and therefore are 
inereasingly susceptible to respiratory infeetions. Pneumonia 
causes more deaths in old age than any other communicable 
disease and is often eontraeted in hospitals and nursing homes. 

ehronie obstmetive pulmonary diseases (see next seetion) 
are more eommon in old age sinee they represent the cumulative 
effeets of a lifetime of degenerative ehange. Deelining pulmonary 
function also contributes to cardiovascular disease and hypoxemia, 
and the latter is a faetor in degenerative disorders of all other organ 
systems. Respiratory health is therefore a major eoneern in aging. 


Respiratory Pathology 

Many of the respiratory disorders ean be elassified as restrietive or 
obstmetive disorders. Restrietive disorders stiffen the lungs and 
reduce their eomplianee (ease of inflation) and vital eapaeity. An 
example is pulmonary fibrosis, in which much of the normal respi- 
ratory tissue of the lung is replaeed by fibrous sear tissue. Fibrosis 
is an effeet of such diseases as tuberculosis and the blaek lung 
disease of eoal miners. Obstructive disorders narrow the airway 
and interfere with airflow, so expiration requires more effort and 
may be less eomplete than normal. Airway obstmetions, broneho- 
eonstrietion, and tumors or aneurysms that eompress the airways 
ean cause obstmetive disorders. 

Chronic obstructive pulmonary diseases (COPDs) are dis- 
orders in which there is a long-term obstmetion of airflow and a 
substantial reduction in pulmonary ventilation. The major COPDs 
are ehronie bronehitis and emphysema. They are almost always 
caused by eigarette smoking, and are among the few leading causes 
of death in old age. Chronic bronehitis is eharaeterized by air- 
way eongestion with sputum, a mixture of thiek mucus and cellular 
debris, aeeompanied by ehronie respiratory infeetion and bronehial 
inflammation. Emphysema 23 (EM-fih-SEE-muh) is eharaeterized 
by a breakdown of alveolar walls and replaeement of the spongy 
lung tissue with relatively large air-filled eavities, resulting in a 
reduction in alveolar surface area and reduced ability to oxygenate 


23 emphys = inflamed 


the blood. Any COPD ean also lead to eor pulmonale —enlargement 
and potential failure of the right side of the heart due to obstmetion 
of the pulmonary circulation. 

Asthma is the most eommon ehronie respiratory illness 
of ehildren and the leading cause of sehool absenteeism and 
ehildhood hospitalization in the United States. About half 
of all eases develop before age 10 and only 15% after age 40. 
Asthma takes about 5,000 lives per year, and this number lately 
has been rising. It is usually an allergie reaetion to airborne 
antigens (allergens) that stimulate intense bronehoeonstrietion 
and airway inflammation. The reaetion eommonly leads to severe 
coughing, wheezing, and sometimes suffocation. People who die 
of asthmatie suffocation typieally show airways so plugged with 
gelatinous mucus that they could not exhale. The lungs remain 
hyperinflated even at autopsy. Asthma is treated with dmgs that 
dilate the airway and relieve inflammation. 

Lung eaneer accounts for more deaths than any other form of 
eaneer. The most important cause is eigarette smoking, distantly 
followed by air pollution. Lung eaneer eommonly follows or 
aeeompanies COPD. It begins with uncontrolled proliferation 
of eells of the surface epithelium or mucous glands of the 
bronehi. As the dividing epithelial eells invade the underlying 
tissues of the bronehial wall, the bronchus develops bleeding 
lesions. Dense masses of keratin and malignant eells appear in 
the lung parenehyma and replaee functional respiratory tissue. 
Because of the extensive lymphatie drainage of the lungs, lung 
eaneer quickly metastasizes to other organs—espeeially the 
pericardium, heart, bones, liver, lymph nodes, and brain. The 
ehanee of reeovery is poor, with only 7% of patients surviving for 
5 years after diagnosis. 

Some other disorders of the respiratory system are briefly 
deseribed in table 23.1. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

17. When and vvhere does the pulmonary groove appear? 

Concisely deseribe its further development. 

18. What ehanges in the lungs occur at birth? What eorrespond- 

ing ehanges occur in the cardiovascular system? 

19. Identifysome reasons vvhy a person’s vital eapaeity deelines 

in old age. 

20. Name and eompare tvvo COPDs and deseribe some patho- 

logieal effeets they have in eommon. 

21. In vvhat lung tissue does lung eaneer originate? Hovv does 

it kill? 
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TABLE 23.1 


Acute rhinitis 


Adult respiratory 


Some Disorders of the Respiratory System 


The eommon eold. Caused by many types of viruses that infeet the upper respiratory traet. Symptoms include eongestion, 
inereased nasal seeretion, sneezing, and dry cough. Transmitted espeeially by eontaet of eontaminated hands with mucous 
membranes; not transmitted orally. 

Acute lung inflammation and alveolar injury stemming from trauma, infeetion, burns, aspiration of vomit, inhalation of 


Pneumonia 


distress syndrome noxious gases, drug overdoses, and other causes. Alveolar injury is aeeompanied by severe pulmonary edema and 

hemorrhage, followed by fibrosis that progressively destroys lung tissue. Fatal in about 40% of eases under age 60 and in 
60% of eases over age 65. 

A lower respiratory infeetion caused by any of several vimses, baeteria, fungi, or protozoa (most often the bacterium 
Streptococcus pneumoniae). Causes filling of alveoli with fluid and dead leukocytes and thiekening of the respiratory 
membrane, which interferes with gas exchange and causes hypoxemia. Espeeially dangerous to infants, the elderly, and 
people with eompromised immune systems, such as AIDS and leukemia patients. 

Cessation of breathing for 10 seeonds or longer during sleep; sometimes occurs hundreds of times per night, often 
aeeompanied by restlessness and snoring. Can result from altered function of CNS respiratory eenters, airway obstruction, 
or both. Over time, may lead to daytime drowsiness, hypoxemia, polyeythemia, pulmonary hypertension, eongestive heart 
failure, and eardiae arrhythmia. Most eommon in obese people and in men. 

Pulmonary infeetion with the bacterium Mycobacterium tuberculosis, which invades the lungs by way of air, blood, or lymph 
Stimulates the lung to form fibrous nodules ealled tubercles around the baeteria. Progressive fibrosis eompromises the 
elastie reeoil and ventilation of the lungs and leads to pulmonary hemorrhaging and spitting up blood. Espeeially eommon 
among impoverished and homeless people and beeoming inereasingly eommon among people with AIDS. 


Sleep apnea 


Tuberculosis (TB) 


Disorders Deseribed Elsewhere 

Airway obstruction 649 
Asthma 649 
Ateleetasis 643 
Blaek lung disease 649 


Chronic bronehitis 649 

Chronic obstmetive pulmonary diseases 649 

Emphysema 649 

Lung eaneer 649 


Neonatal respiratory distress syndrome 648 
Ondine’s curse 645 
Pneumothorax 643 
Pulmonary fibrosis 649 



Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

23.1 Overview of the Respiratory System 
(p. 632) 

1. The multiple fimetions of the respiratory 
system 

2. The piirpose and eomponents of the eon- 
ducting division of the respiratory traet 

3. The purpose and eomponents of the respi- 
ratory division of the respiratory traet 

4. The boundary between the upper and lower 
respiratory traets, and which organs belong 
to eaeh region 

23.2 The Upper Respiratory Traet (p. 633) 

1. Functions of the nose 

2. The anterior and posterior openings into 
the nasal eavity; the nasal septum and 
fossae; and the bones and eartilages that 
shape the external (faeial) part of the nose 


3. The eomponents of the nasal septum, and 
the bones that contribute to the roof and 
floor of the nasal eavity 

4. The nasal eonehae and meatuses, and their 
functions 

5. The histology, spatial distribution, and 
functions of the olfaetory and respiratory 
epithelia of the nasal eavity 

6. The loeation and function of the ereetile 
tissues of the nasal eavity 

7. The definition and three divisions of the 
pharynx, and the boundaries between the 
divisions 

8. The definition and functions of the larynx, 
and its superior and inferior boundaries 

9. The structure and function of the glottis 
and its mode of operation in infants and 
adults 

10. The nine eartilages that frame the larynx, 
and the two ligaments that bind the larynx 
to the hyoid bone above and the traehea 
below 


11. The loeations and functions of the vestibular 
folds and voeal eords of the larynx 

12. The mode of aetion of the intrinsie muscles 
of the larynx on the voeal eords, and how 
this affeets voealization 

23.3 The Lower Respiratory Traet (p. 637) 

1. The gross anatomy and histology of the 
traehea, and the functional signifieanee 
of its mucociliary esealator, supportive 
eartilages, and traehealis muscle 

2. The surface anatomy of the lungs, includ- 
ing the apex and base; eostal and medias- 
tinal surfaces; hilum; lobes and fissures; 
and differenees between the right and left 
lungs 

3. All the subdivisions of the bronehial 
tree and the air passages, in order, from 
main bronehi to alveoli; the histologieal 
differenees between the regions of the 
airway; and the functional signifieanee of 
these histologieal differenees 
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4. Bronehoeonstrietion, bronehodilation, and 
the reason why the bronehioles are more 
important than any other region of the 
airway in regiilating pulmonary airflow 

5. The pulmonary and systemie blood sup- 
plies to the lungs, and the anatomieal and 
functional differenees between these two 
blood supplies 

6. The structure of a pulmonary alveolus; the 
morphology and hmetions of its squamous 
and great alveolar eells and alveolar mae- 
rophages; and the source and function of 
pulmonary surfactant 

7. Components of the respiratory membrane 
that separates the alveolar air spaee from 
the eapillary bloodstream, and the rele- 
vanee of this membrane to gas exchange 

8. The two layers of the pleura; the pleural 
eavity and fluid; and the functions of the 
pleurae 


23.4 Neiiromiiseiilar Aspeets of Respiration 
(p. 643) 

1. The roles of the diaphragm and intereostal 
muscles in breathing; the identity and roles 
of other aeeessory muscles of respiration; 
and the movements of the thoraeie eage 
that cause ventilation of the lungs 

2. Differenees in muscular aetion between 
quiet and foreed respiration 

3. The energy-saving meehanism of quiet 
expiration 

4. The three pairs of respiratory eontrol 
nuclei in the brainstem; their loeations; 
their input and output pathways; and the 
function of eaeh 

5. The eentral and peripheral ehemoreeep- 
tors, streteh reeeptors, irritant reeeptors, 
and higher brain eenters that influence 
respiration 


23.5 Developmental and Clinical Perspeetives 
(p. 647) 

1. The development of the embryonie pulmo- 
nary groove and its differentiation into the 
respiratory traet and lungs 

2. The onset and functions of fetal breathing 

3. The respiratory adaptations of the newborn 
infant 

4. Reasons for the normal deeline in respi- 
ratory effieieney in old age, and how this 
affeets other organ systems 

5. The differenee between restrietive and 
obstmetive disorders of the respiratory 
system, and examples of eaeh 

6. The ehronie obstmetive pulmonary diseases 
(COPDs); the eommon causes of eaeh; their 
pathology; and their effeet on the heart 

7. How lung eaneer arises; how it spreads 
through the lung tissue; and how it metas- 
tasizes to other organs 


Testing Your Reeall 


1. The nasal eavity is divided by the nasal 
septum into right and left 

a. nares. 

b. vestibules. 
e. fossae. 

d. ehoanae. 

e. eonehae. 

2. The intrinsie laryngeal muscles regulate 
speeeh by rotating 

a. the extrinsic laryngeal muscles. 

b. the thyroid eartilage. 

e. the arytenoid eartilages. 

d. the hyoid bone. 

e. the voeal eords. 

3. The largest air passages that engage in gas 
exchange with the blood are 

a. the respiratory bronehioles. 

b. the terminal bronehioles. 
e. the main bronehi. 

d. the alveolar ducts. 

e. the alveoli. 

4. Respiratory arrest would most likely result 
from a tumor of the 

a. pons. 

b. midbrain. 
e. thalamus. 

d. cerebellum. 

e. medulla oblongata. 

5. A defieieney of pulmonary surfactant is 
most likely to cause 

a. ehronie obstmetive pulmonary disease. 

b. ateleetasis. 

e. pneumothorax. 

d. ehronie bronehitis. 

e. asthma. 


6. The source of pulmonary surfactant is 

a. the viseeral pleura. 

b. bronehial glands. 

e. alveolar eapillaries. 

d. squamous alveolar eells. 

e. great alveolar eells. 

7. Which of the following are fewest in 
number but largest in diameter? 

a. alveoli 

b. terminal bronehioles 
e. alveolar ducts 

d. segmental bronehi 

e. respiratory bronehioles 

8. The rhythm of breathing is set by 
neurons in 

a. the medulla oblongata. 

b. the pons. 

e. the midbrain. 

d. the diaphragm. 

e. the eerebral cortex. 

9. Which of the following muscles aid(s) 
in deep expiration? 

a. the sealenes 

b. the sternoeleidomastoids 
e. the rectus abdominis 

d. the external intereostals 

e. the ereetor spinae 

10. In the bronehial tree, which of the fol- 
lowing would be found distal to all 
the rest? 

a. mucous glands 

b. eiliated eells 
e. alveolar ducts 

d. eartilage rings 

e. goblet eells 


11. The digestive and respiratory traets share a 

segment of the pharynx ealled the_. 

12. Within eaeh lung, the airway forms a 

branehing complex ealled the_. 

13. The flared areas of the nose lateral to the 

nostrils are shaped by_eartilages. 

14. The three folds on the lateral walls of the 

nasal eavity are ealled_. 

15. _disorders reduce the speed of 

airflow through the airway. 

16. Some inhaled air does not partieipate in 

gas exchange because it fills the_of 

the respiratory traet. 

17. The largest eartilage of the larynx is the 
_eartilage. 

18. The main paeemaker of the breathing 

rhythm is the_in the medulla 

oblongata. 

19. The primary bronehi and pulmonary blood 

vessels penetrate the hmg at a medial slit 
ealled the_. 

20. The last line of defense against inhaled 

partieles are phagoeytie eells ealled_. 

Answers in appendix A 
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Building Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 
following word elements, and give a term in 
which it is used. 

1. traehe- 

2. alveol- 


3. -eetasis 

4. eapn- 

5. naso- 

6. spir- 

7. emphys- 


8. pulmo- 

9. broneho- 
10. pneiimo- 


Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. The glottis is the opening from the larynx 
to the traehea. 

2. The limgs eontain more respiratory bron- 
ehioles than terminal bronehioles. 

3. Eaeh lung occupies a spaee between the 
parietal and viseeral pleurae. 


Testing Your Comprehension 

1. Discuss how the different functions of 
the conducting division and respiratory 
division relate to differenees in their 
histology. 

2. From the upper to the lower end of the 
traehea, the ratio of goblet eells to eiliated 
eells gradually ehanges. Would you expect 
the highest ratio of eiliated eells to goblet 
eells to be in the upper traehea or the lower 
traehea? Give a functional rationale for 
your answer. 


4. Expiration is normally caused by eontrae- 
tion of the internal intereostal muscles. 

5. Ateleetasis ean result from causes other 
than pneumothorax. 

6. Alveoli continue to be produced after birth. 

7. Unlike bronehi, bronehioles have no 
eartilage. 

8. Blood gases are monitored by the aortie 
and earotid sinuses. 


3. The bronehioles are to the airway and 
airflow what the arterioles are to the 
circulatory system and blood flow. Explain 
or elaborate on this eomparison. 

4. A patient has suffered damage to the left 
phrenie nerve, resulting in paralysis of 
the left side of the diaphragm but not the 
right. X-rays show that during inspiration, 
the right side of the diaphragm deseends 
as normal, but the left side rises. Explain 
the unusual motion of the left diaphragm. 


9. The respiratory system begins its develop- 
ment by budding from the posterior side of 
the esophagus. 

10. Extrinsic ligaments link the larynx to 
adjaeent nonlaryngeal structures. 

Answers in appendix A 


5. An 83-year-old woman is admitted to 
the hospital, where a eritieal-eare nurse 
attempts to insert a nasoenterie tube 
(“stomaeh tube”) for feeding. The patient 
begins to exhibit dyspnea, and a ehest 
X-ray reveals air in the right pleural eavity 
and a eollapsed right lung. The patient dies 
5 days later from respiratory eomplieations. 
Name the eonditions revealed by the X-ray 
and explain how they could have resulted 
from the mirse’s procedure. 
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S ome of the most fiindamental faets we know about 

digestion date to a grave aeeident in 1822. A Canadian 
voyageur, Alexis St. Martin, was aeeidentally hit by a shot- 
gun blast while standing outside a trading post on Maekinae 
Island, Miehigan. A frontier army doetor summoned to the seene, 
William Beaumont, found part of St. Martin’s lung protruding 
through the wound, and a hole in his stomaeh “large enough to 
reeeive my forefinger.” Surprisingly, St. Martin survived, but the 
wound left a permanent opening (fistula) into his stomaeh, eov- 
ered for the rest of his life by only a loose flap of skin. 

Beaumont saw this as an opportunity to learn something 
about digestion. Now disabled from wilderness travel, St. Martin 
agreed to partieipate in Beaumont’s experiments in exchange for 
room and board. Working under crude frontier eonditions with lit- 
tle idea of seientifie methods, Beaumont nevertheless performed 
more than 200 experiments on St. Martin over a period of sev- 
eral years. He plaeed food into the stomaeh through the fistula 
and removed it hourly to observe the progress of digestion. He 
sent vials of gastrie juice to ehemists for analysis. He proved 
that digestion required hydroehlorie aeid and an unknown agent 
we now know to be the enzyme pepsin. St. Martin had a short 
temper, and during his emotional outbursts, Beaumont observed 
that little digestion occurred; we now know this to be due to the 
inhibitory effeet of the sympathetie nervous system on digestion. 

In 1833, Beaumont published a book on his results that laid 
a foundation for modern gastroenterology' the seientifie study 
and medieal treatment of the digestive system. Many authorities 
continued to believe, for a time, that the stomaeh aeted essen- 
tially as a grinding ehamber, fermentation vat, or eooking pot. 
Some of them even attributed digestion to a supernatural spirit in 
the stomaeh. Beaumont was proven right, however, and his work 
had no equal until Russian physiologist Ivan Pavlov built upon it, 
reeeiving a Nobel Prize in 1904 for his studies of digestion. 



Digestive Proeesses 
and General Anatomy 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. identify the functions and major proeesses of the 
digestive system; 

b. list the regions and aeeessory organs of the digestive 
system; 

e. identify the layers of the wall of the digestive traet; 

d. deseribe the enterie nervous system; and 

e. name the mesenteries and deseribe their relationship 
to the digestive system. 


The digestive system is essentially a disassembly line—its primary 
purpose is to break nutrients down into forms that ean be used 


by the body, and to absorb them so they ean be distributed to the 
tissues. Most of what we eat eannot be used in the form found 
in our food. Nutrients must be broken down into smaller eompo- 
nents, such as amino aeids and monosaeeharides, that are universal 
to all speeies. Consider what happens if you eat a pieee of beef, 
for example. The myosin of beef differs very little from that of 
your own muscles, but the two are not identieal, and even if they 
were, beef myosin could not be absorbed, transported in the blood, 
and properly installed in your muscle eells. Like any other dietary 
protein, it must be broken down into amino aeids before it ean 
be used. Sinee beef and human proteins are made of the same 20 
amino aeids, those of beef proteins might indeed beeome part of 
your own myosin but could equally well wind up in your insulin, 
fibrinogen, eollagen, or any other protein. 


Digestive System Functions 



RJ 


The digestive system is the organ system that proeesses food, 
extracts nutrients from it, and eliminates the residue. It does this 
in five stages: 


1. ingestion, the seleetive intake of food; 

2. digestion, the meehanieal and ehemieal breakdown of food 
into a form usable by the body; 

3. absorption, the uptake of nutrients into the blood and lymph; 

4. eompaetion, absorbing water and eonsolidating the 
indigestible residue into feees; and finally, 

5. defeeation, the elimination of feees. 


General Anatomy 

The digestive system has two anatomieal subdivisions, the diges- 
tive traet and the aeeessory organs (fig. 24.1). The digestive traet 
is a muscular tube extending from mouth to anus. It measures about 
5 m (16 ft) long in a living person, but because of the loss of muscle 
tone at death, it is typieally about 9 m (30 ft) long in the eadaver. It 
is also known as the alimentary 2 eanal or gut. It includes the mouth, 
pharynx, esophagus, stomaeh, small intestine, and large intestine. 
Part of it, the stomaeh and intestines, constitutes the gastrointestinal 
(GI) traet. The aeeessory organs are the teeth, tongue, salivary 
glands, liver, gallbladder, and panereas. 

The digestive traet is open to the environment at both ends. 
Most of the material in it has not entered any body tissues and is 
eonsidered to be external to the body until it is absorbed by epithe- 
lial eells of the alimentary eanal. In the striet sense, defeeated food 
residue was never in the body. 

Most of the digestive traet follows the basie structural plan 
shown in figure 24.2, with a wall eomposed of the following tissue 
layers, in order from the inner to the outer surface: 


Mucosa 

Epithelium 
Lamina propria 
Muscularis mucosae 


'gastro = stomaeh; entero = intestine; logy = study of 


2 aliment = food 
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Submucosa 
Muscularis externa 

Circular layer 
Longitudinal layer 
Serosa 

Areolar tissue 
Mesothelium 

Slight variations on this theme are found in different regions of 
the traet. 

The inner lining of the traet, ealled its mucosa or mucous 
membrane, eonsists of an epithelium, a loose eonneetive tis- 
sue layer ealled the lamina propria, and a thin layer of smooth 
muscle ealled the muscularis mucosae (MUSS-cue-LAIR-is 
mew-CO-see). The epithelium is simple columnar in most of 


Oral eavity 
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Teeth 


Sublingual gland 


Diaphragm 


Bile duct 
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Small intestine 
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Appendix 



Parotid 


Pharynx 
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Rectum 

Anal eanal 
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Figure 24.1 The Digestive System. 


the digestive traet, but the mouth, pharynx, esophagus, and anal 
eanal differ. These upper and lower ends of the digestive traet are 
subject to more abrasion than the stomaeh and intestines, and thus 
have a stratified squamous epithelium. The muscularis mucosae 
tenses the nrneosa, ereating grooves and ridges that enhanee its 
surface area and eontaet with food. This improves the effieieney 
of digestion and nutrient absorption. The mucosa often exhibits an 
abundance of lymphoeytes and lymphatie nodules—the mucosa- 
assoeiated lymphatie tissue (MALT) (see p. 616). 

The submucosa is a thieker layer of loose eonneetive tissue 
eontaining blood vessels, lymphatie vessels, a nerve plexus, and in 
some plaees, mucous glands. MALT also extends into the submu- 
eosa in some parts of the GI traet. 

The muscularis externa eonsists of usually two layers of 
smooth muscle near the outer surface. Cells of the inner layer 
eneirele the traet and those of the outer layer mn longitudinally. In 
some plaees, the circular layer is thiekened to form valves (sphine- 
ters) that regulate the passage of material through the digestive 
traet. The muscularis externa is responsible for peristalsis and 
other movements that mix food and digestive enzymes and propel 
material through the traet. 

The serosa is eomposed of a thin layer of areolar tissue topped 
by a simple squamous mesothelium. It begins in the lower 3 to 4 em 
of the esophagus and ends just before the rectum. The pharynx, 
most of the esophagus, and the rectum have no serosa but are sur- 
rounded by a fibrous eonneetive tissue layer ealled the adventitia 
(AD-ven-TISH-ah), which blends into the adjaeent eonneetive tis- 
sues of other organs. 


Innervation 

Tongue movements, mastieation, and the initial aetions of swal- 
lowing employ skeletal muscles innervated by somatie motor 
fibers from six of the eranial nerves (V, VII, and IX-XII) and from 
the ansa eerviealis; these muscles and their innervation are detailed 
in table 11.3 (pp. 273-275). The salivary glands are innervated by 
sympathetie fibers from the superior eervieal ganglion and para- 
sympathetie fibers from eranial nerves VII and IX (see figs. 15.32, 
p. 433; 15.34, p. 434; and 16.4, p. 447). 

From the lower esophagus to the anal eanal, most of the muscle 
is smooth muscle (the external anal sphineter is the only exception), 
and therefore reeeives only autonomic innervation. Parasympathetie 
innervation dominates the digestive traet and eomes mainly from 
the vagus nerves, which supply all of the traet from esophagus to 
transverse eolon. The deseending eolon and rectum reeeive their 
parasympathetie innervation from pelvie nerves arising from the infe- 
rior hypogastrie plexus (see fig. 16.7, p. 451). The parasympathetie 
nervous system relaxes sphineter muscles and stimulates gastrointes- 
tinal motility and seeretion. Thus, in general, it promotes digestion. 

The sympathetie nervous system plays a lesser role, but in 
general it inhibits motility and seeretion and keeps the GI sphineters 
eontraeted and elosed. Thus, it inhibits digestion. Sympathetie 
efferent pathways travel through the eeliae ganglion to the stom- 
aeh, liver, and panereas; through the superior mesenterie ganglion 
to the small intestine and most of the large intestine; and through 
the inferior mesenterie ganglion to the rectum (see fig. 16.4). 
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Mucosa: 

Stratified squamous 
epithelium 

Lamina propria 

Muscularis mucosae 


Submucosa: 

Esophageal gland 


Muscularis externa: 
Inner circular layer 


Outer longitudinal layer 


Serosa 



Diaphragm 


Esophageal hiatus 


Enterie nervous system: 


Myenterie plexus 


Submucosal plexus 


Parasympathetie ganglion 
myenterie plexus 


Lumen 


Blood vessels 



Figure 24.2 Tissue Layers of the Digestive Traet. Cross seetion of the esophagus just below the diaphragm. 


Even though the digestive traet reeeives such extensive inner- 
vation from the CNS, it ean function independently even if these 
nerves are severed. This is because the esophagus, stomaeh, and 
intestines have their own nervous network ealled the enterie 
nervous system, which is thought to have over 100 million 
neurons—more than the spinal eord! 

These neurons are distributed in two networks: the submucosal 
plexus in the submucosa and the myenterie plexus between layers 
of the muscularis externa (fig. 24.2). Parasympathetie preganglionie 
fibers terminate in the autonomic ganglia of the myenterie plexus. 
Postganglionie fibers arising in this plexus not only innervate the 
muscularis externa, but also pass through its inner circular layer and 
contribute to the submucosal plexus. The myenterie plexus eontrols 
peristalsis and other eontraetions of the muscularis externa, while 
the submucosal plexus eontrols movements of the muscularis muco- 
sae and glandular seeretion of the mucosa. 

Sensory nerve fibers monitor stretehing of the GI wall and 
ehemieal eonditions in the lumen. These fibers earry signals to 
adjaeent regions of the GI traet in short (myenterie 3 ) reflex ares 
eontained in the myenterie plexus, and to the eentral nervous 


3 my = muscle; enter = intestine 


system by way of long (vagovagal) reflex ares, predominantly 
in the vagus nerves. These viseeral reflex ares enable different 
regions of the GI traet to regulate eaeh other over both short and 
long distanees. 

Circulation 

We will see near the end of this ehapter that the embryonie diges- 
tive traet forms in three segments: the foregut, midgut, and hind- 
gut. These segments are defined by their arterial blood supply. 

• The foregut includes the mouth, pharynx, esophagus, stom- 
aeh, and the beginning of the duodenum (to the point where 
the bile duct empties into it). Above the diaphragm, the tho- 
raeie aorta gives off a series of esophageal arteries to the 
esophagus. Below the diaphragm, the foregut reeeives blood 
from branehes of the eeliae trunk (see fig. 21.23, p. 585). 

• The midgut begins at the opening of the bile duct and 
includes the rest of the duodenum, the jejunum and ileum 
(the seeond and third portions of the small intestine), and the 
large intestine as far as the first two-thirds of the transverse 
eolon. It reeeives blood from the superior mesenterie artery 

(fig. 21.24a, p. 586). 
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• The hindgut includes the remainder of the large intestine, 

from the end of the transverse eolon through the anal eanal. 

It is supplied by branehes of the inferior mesenterie artery 

(fig. 21.24b). 

The most noteworthy general point about the venous drainage 
of the GI traet is that blood from the entire traet below the dia- 
phragm ultimately drains into the hepatie portal vein, which enters 
the liver. The system of vessels eonneeting the lower digestive traet 
to the liver is the hepatie portal system (table 21.7, p. 589). It 
routes all blood from the stomaeh and intestines, as well as from 
some other abdominal viseera, through the liver before returning it 
to the general circulation. Like other portal systems, this one has 
two eapillary networks in series. Capillaries in the small intestine 
reeeive digested nutrients, and eapillaries in the liver (the hepatie 
sinusoids deseribed later) deliver these nutrients to the liver eells. 
This gives the liver a ehanee to proeess most nutrients and eleanse 
the intestinal blood of baeteria. 

Relationship to the Peritoneum 

In proeessing food, the stomaeh and intestines undergo such stren- 
uous eontraetions that they need freedom to move in the abdominal 
eavity. They are not tightly bound to the abdominal wall, but over 
most of their length, they are loosely suspended from it by eon- 
neetive tissue sheets ealled mesenteries (see figs. 1.14 and 1.15, 
pp. 18-19). The mesenteries hold the abdominal viseera in their 
proper relationship to eaeh other and prevent the small intestine, 
espeeially, from beeoming twisted and tangled by ehanges in body 
position and by its own eontraetions. Furthermore, they provide 


passage for the blood vessels and nerves that supply the digestive 
traet, and eontain many lymph nodes and lymphatie vessels. 

The parietal peritoneum is a serous membrane that lines the 
wall of the abdominal eavity (see p. 18). Along the posterior mid- 
line of the body, it turns inward and forms the posterior (dorsal) 
mesentery, a translucent two-layered membrane extending to the 
digestive traet. Upon reaehing an organ such as the stomaeh or 
small intestine, the two layers separate and pass around opposite 
sides of the organ, forming its serosa. In some plaees, the two lay- 
ers eome together again on the far side of that organ and continue 
as another sheet of tissue, the anterior (ventral) mesentery. This 
mesentery may hang freely in the abdominal eavity or attaeh to the 
anterior abdominal wall or other organs. The relationship between 
the posterior and anterior mesenteries and the serosa is shown in 
figure 1.16. 

Two mesenteries ealled omenta are assoeiated with the stomaeh 
(see fig. 24.11). The lesser omentum extends the short distanee 
from the liver to the right superior margin (lesser curvature) of 
the stomaeh (fig. 24.3 a). A much larger and very fatty greater 
omentum hangs like an apron from the left inferior margin 
(greater curvature) of the stomaeh, loosely eovering the small 
intestine. At its inferior margin, the greater omentum turns baek 
on itself and passes upward, behind the superficial layer, forming 
a deep, empty pouch between the layers like an apron turned up 
at the hem. At the superior margin, the upturned layer continues 
as a serosa that eneloses the spleen and transverse eolon. From 
the transverse eolon, it continues to the posterior abdominal wall, 
thus anehoring the eolon. This mesentery of the eolon is ealled the 
mesoeolon (fig. 24. 3b). 
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Figure 24.3 Serous Membranes Assoeiated with the Digestive Traet. (a) The greater and lesser omenta. (b) Greater omentum and small 
intestine retraeted to show the mesoeolon and mesentery. These membranes eontain the mesenterie arteries and veins. APLR 
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The omenta have a loosely organized, laey appearanee due 
partly to many holes or gaps in the membranes and partly to an 
irregular distribution of adipose tissue. They adhere to perforations 
or inflamed areas of the stomaeh or intestines, contribute immune 
eells to the site, and isolate infeetions that might otherwise give 
rise to peritonitis. When a person gains abdominal weight, a great 
deal of it is fat deposited in these mesenteries. 

When an organ is enelosed by mesentery (serosa) on both 
sides, it is eonsidered to be within the peritoneal eavity, or 
intraperitoneal. 4 When an organ lies against the posterior body 
wall and is eovered by peritoneum on the anterior side only, it is 
said to be outside the peritoneal eavity, or retroperitoneal. 5 The 
duodenum, most of the panereas, and parts of the large intestine 
are retroperitoneal. The stomaeh, liver, and other parts of the small 
and large intestines are intraperitoneal. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. Name the prineipal regions of the digestive traet in order 
from moiith to anus. 

2. What are the similarities and differenees between the 
lamina propria and the submucosa? 

3. What are the two eomponents of the enterie nervous 
system? How do they differ in loeation and function? 

4. Whatthree major branehes ofthe aorta supply the digestive 
traet? What is the relationship between these three arterial 
supplies and the embryonie development of the digestive 
traet? 

5. Name the serous membranes that suspend the intestines 
from the posterior body wall. Name the external layer of 
the intestines formed by an extension of this membrane. 




The Mouth Through 
Esophagus 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the teeth, tongue, and other organs of the 
oral eavity; 

b. state the names and loeations of the salivary glands; 
e. deseribe the loeation and function of the pharyngeal 

eonstrietor muscles; and 

d. deseribe the gross anatomy and histology of the 
esophagus. 


The Mouth 

The mouth is also known as the oral (buccal 6 ) eavity. Its functions 
include ingestion (food intake), taste and other sensory responses 
to food, mastieation (chewing), ehemieal digestion, swallowing, 
speeeh, and respiration. The mouth is enelosed by the eheeks, lips, 
palate, and tongue (fig. 24.4). Its anterior opening between the 
lips is the oral fissure, and its posterior opening into the throat is 
the fauces 7 (FAW-seez). The mouth is lined with stratified squa- 
mous epithelium. It is keratinized in areas subject to the greatest 
abrasion, such as the gums and hard palate, and nonkeratinized in 
other areas such as the floor of the mouth, the soft palate, and the 
inside of the eheeks and lips. 

The Cheeks and Lips 

The eheeks and lips retain food and push it between the teeth for 
mastieation, and are essential for articulate speeeh and for sucking 
and blowing aetions, including suckling by infants. Their fleshi- 
ness is due mainly to subcutaneous fat, the buccinator muscles of 
the eheeks, and the orbicularis oris muscle of the lips. A median 
fold ealled the labial frenulum 8 attaehes eaeh lip to the gum, 
between the anterior ineisors. The vestibule is the spaee between 
the eheeks or lips and the teeth—the spaee where you insert your 
toothbmsh when bmshing the outer surfaces of the teeth. 


6 bucco = eheek 

7 fouces = throat 

8 lobi = lip; frenulum = little bridle 
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Figure 24.4 The Mouth. For a photographie medial view, see 
page 332. AP!R 
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The lips are divided into three areas: (1) The cutaneous area 
is eolored like the rest of the faee and has hair follieles and seba- 
ceous glands; on the upper lip, this is where a mustache grows. 
(2) The red area (vermilion), is the hairless region where the lips 
meet (where some people apply lipstiek). It has unusually tall 
dermal papillae, which allow blood eapillaries and nerve endings 
to eome eloser to the epidermal surface. Thus, this area is redder 
and more sensitive than the cutaneous area. (3) The labial mucosa 
is the inner surface of the lip, faeing the gums and teeth. It eontains 
mucous labial glands that contribute to the saliva. 

The Tongue 

The tongue (fig. 24.5), although muscular and bulky, is an agile 
and sensitive organ with several functions: It aids in food intake; 
it has sensory reeeptors for taste, texture, and temperature that are 
important in the aeeeptanee or rejeetion of food; it eompresses and 
breaks up food; it maneuvers food between the teeth for masti- 
eation; it seeretes mucus and enzymes; it eompresses the chewed 
food into a soft mass, or bolus, that is easier to swallow; it initiates 
swallowing; and it is neeessary for articulate speeeh. Its surface is 
eovered with nonkeratinized stratified squamous epithelium and 
exhibits bumps and projeetions ealled Iingual papillae, the site 
of the taste buds. Figure 24.5 shows the loeations of the vallate, 
foliate, and fungiform types of papillae. Their details and relation 
to the taste buds are deseribed in ehapter 17 (p. 466). 

The anterior two-thirds of the tongue, ealled the body, occu- 
pies the oral eavity; the posterior one-third, the root, occupies the 
oropharynx. The boundary between the body and root is marked 
by a V-shaped row of vallate papillae and, behind these, a groove 
ealled the terminal sulcus. Beneath the tongue, a median fold 
ealled the lingual frenulum attaehes its body to the floor of 
the mouth. The root of the tongue eontains the lingual tonsils. 


Amid the tongue muscles are serous and mucous lingual glands, 
which seerete a portion of the saliva. 

The muscles of the tongue, which eompose most of its mass, 
are deseribed in ehapter 11. The intrinsie muscles, eontained 
entirely within the tongue, produce the relatively subtle tongue 
movements of speeeh. The extrinsic muscles, with origins else- 
where and insertions in the tongue, produce most of the stronger 
movements of food manipulation. The extrinsic muscles include 
the genioglossus, hyoglossus, styloglossus, and palatoglossus (see 

table 11.3, p. 273). 

The Palate 

The palate (fig. 24.4), separating the oral eavity from the nasal 
eavity, makes it possible to breathe while chewing food. Its ante- 
rior portion, the hard (bony) palate, is supported by the palatine 
proeesses of the maxillae and by the smaller palatine bones. It 
has transverse ridges ealled palatine rugae that aid the tongue 
in holding and manipulating food. Posterior to this is the soft 
palate, which has a more spongy texture and is eomposed mainly 
of skeletal muscle and glandular tissue, but no bone. It has a 
eonieal medial projeetion, the uvula, 9 visible at the rear of the 
mouth. The uvula helps to retain food in the mouth until one is 
ready to swallow. 

At the rear of the mouth, two muscular arehes on eaeh 
side begin at the roof near the uvula and deseend to the floor. 
The anterior one is the palatoglossal areh and the posterior one 
is the palatopharyngeal areh. The latter areh marks the begin- 
ning of the pharynx. The palatine tonsils are loeated on the wall 
between the arehes. 


9 uvula = little grape 
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Figure 24.E TheTongue. For a sagittal seetion, see figure A.2 (p. 332). 
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The Teeth 

The teeth are eolleetively ealled the dentition. They serve to 
mastieate the food, breaking it into smaller pieees. This not only 
makes the food easier to swallow, but also exposes more surface 
area to the aetion of digestive enzymes and thus speeds up ehemi- 
eal digestion. Adults normally have 16 teeth in the mandible and 
16 in the maxilla. From the midline to the rear of eaeh jaw, there 
are two ineisors, a eanine, two premolars, and up to three molars 
(fig. 24.6a). The ineisors are ehisel-like cutting teeth used to bite 
off a pieee of food. The eanines are more pointed and aet to punc- 
ture and shred it. They serve as weapons in many mammals but 
beeame reduced in the course of human evolution until they now 
projeet barely beyond the other teeth. The premolars and molars 
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(b) Permanent teeth 

Figure 24.6 The Dentition. Eaeh figure shows only the upper 
teeth. The ages at eruption are eomposite ages for the eorresponding 
upper and lower teeth. Generally, the lower (mandibular) teeth erupt 
somewhat earlier than their upper (maxillary) counterparts. 

Which teeth ore obsent from o 3-yeor-old ehild? APJ R 


have relatively broad surfaces adapted for emshing, shredding, and 
grinding food. 

Eaeh tooth is embedded in a soeket ealled an alveolus, forming 
a joint ealled a gomphosis between the tooth and bone (fig. 24.7). 
The alveolus is lined by a periodontal (PERR-ee-oh-DON-tul) 
ligament, a modified periosteum whose eollagen fibers pen- 
etrate into the bone on one side and into the tooth on the other. 
This anehors the tooth firmly in the alveohis, but allows for slight 
movement under the stress of chewing. The gum, or gingiva 
(JIN-jih-vuh), eovers the alveolar bone. Regions of a tooth 
are defined by their relationship to the gingiva: The crown is the 
portion above the gum, the root is the portion inserted into the 
alveolus below the gum, and the neek is the line where the crown, 
root, and gum meet. The spaee between the tooth and gum is the 
gingival sulcus. The hygiene of this sulcus is espeeially important 
for dental health (see Deeper Insight 24.1). 

Most of a tooth eonsists of hard yellowish tissue ealled 
dentin, eovered with enamel in the crown and cementum in the 
root. Dentin and cementum are living eonneetive tissues with 
eells or eell proeesses embedded in a ealeified matrix. Cells of 
the cementum (eementoeytes) are seattered more or less ran- 
domly and occupy tiny eavities similar to the lacunae of bone. 
Cells of the dentin (odontoblasts) line the pulp eavity and have 
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Figure 24.7 Structure of a Tooth and Its Alveolus. This particular 
example is a molar. 

• Ofoll the tooth eomponents shovvn here, vvhieh is or ore not living 
tissue(s)? 
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Tooth and Gum Disease 

Food leaves a stieky residue on the teeth ealled ploque, eom- 
posed mainly of baeteria and sugars. If plaque is not thoroughly 
removed by brushing and flossing, baeteria accumulate, metabo- 
lize the sugars, and release laetie aeid and other aeids. These 
aeids dissolve the minerals of enamel and dentin, and the bae- 
teria enzymatieally digest the eollagen and other organie eom- 
ponents. The eroded “eavities” of the tooth are known as dentol 
eories.^ 0 If not repaired, earies may fully penetrate the dentin and 
spread to the pulp eavity. This requires either extraction of the 
tooth or root eonol theropy, in which the pulp is removed and 
replaeed with inert material. 

When plaque ealeifies on the tooth surface, it is ealled colcu- 
lus (tortor). Calculus in the gingival sulcus wedges the tooth and 
gum apart and allows baeterial invasion of the sulcus. This leads 
to gingivitis, or gum inflammation. Nearly everyone has gingivitis 
at some time. In some eases, baeteria spread from the sulcus into 
the alveolar bone and begin to dissolve it, producing periodontol 
diseose. About 86% of people over age 70 have periodontal 
disease, and many suffer tooth loss as a result. This accounts for 
80% to 90% of adult tooth loss. 


slender proeesses that travel through tiny parallel tunnels in the 
dentin. Enamel is not a tissue but a eell-free seeretion produced 
before the tooth emerges above the gum. Damaged dentin and 
cementum ean regenerate, but damaged enamel eannot—it must 
be artifieially repaired. 

Internally, a tooth has a dilated pulp eavity in the crown and 
upper root, and a narrow root eanal in the lower root. These spaees 
are occupied by pulp —a mass of loose eonneetive tissue, blood 
and lymphatie vessels, and nerves. These nerves and vessels enter 
the tooth through a pore, the apieal foramen, at the inferior end 
of eaeh root eanal. 

The meeting of the teeth when the mouth eloses is ealled 
occlusion (ah-CLUE-zhun), and the surfaces where they meet are 
ealled the occlusal surfaces. The occlusal surface of a premolar 
has two rounded bumps ealled cusps; thus, the premolars are also 
known as bicuspids. The molars have four to five cusps. Cusps of 
the upper and lower premolars and molars mesh when the jaws are 
elosed and slide over eaeh other as the jaw makes lateral chewing 
motions. This grinds and tears food more effeetively than if the 
occlusal surfaces were flat. 

Teeth develop beneath the gums and erupt (emerge) in prediet- 
able order. Twenty deciduous teeth (“milk teeth” or “baby teeth”) 
empt from the ages of 6 to 30 months, beginning with the ineisors 
(fig. 24.6a). Between 6 and 25 years of age, these are replaeed by 
32 permanent teeth. As a permanent tooth grows deep to a deeid- 
uous tooth (fig. 24.8), the root of the deciduous tooth dissolves 
and leaves little more than the crown by the time it falls out. The 
third molars (wisdom teeth) erupt around ages 17 to 25, if at all. 


w cories = rottenness 


Figure 24.8 Permanent and Deciduous Teeth in a Child’s 
Skull. This disseetion shows erupted deciduous teeth and, deep to 
them and marked with asterisks, the permanent teeth waiting to erupt. 



Over the course of human evolution, the faee beeame flatter and 
the jaws shorter, leaving little room for the third molars. Thus, they 
often remain below the gum and beeome impaeted —so crowded 
against neighboring teeth and bone that they eannot erupt. 

The Salivary Glands 

Saliva moistens the mouth; digests a small amount of stareh and 
fat; eleanses the teeth; inhibits baeterial growth; dissolves mole- 
cules so they ean stimulate the taste buds; and moistens and lubri- 
eates food and binds partieles together to aid in swallowing. It is a 
solution of 97.0% to 99.5% water and the following solutes: 

• salivary amylase, an enzyme that begins stareh digestion in 
the mouth; 

• lingual lipase, an enzyme that is aetivated by stomaeh aeid 
and digests fat after the food is swallowed; 

• mucus, which binds and hibrieates the food mass and aids in 
swallowing; 

• lysozyme, an enzyme that kills baeteria; 

• immunoglobulin A (IgA), an antibody that inhibits baeterial 
growth; and 

• eleetrolytes, including sodium, potassium, ehloride, phos- 
phate, and biearbonate salts. 

There are two kinds of salivary glands, intrinsie and extrinsic. 
The intrinsie salivary glands are an indefinite number of small 
glands dispersed amid the other oral tissues. They include lingual 
glands in the tongue, labial glands on the inside of the lips, and 
buccal glands on the inside of the eheeks. They seerete saliva at a 
fairly eonstant rate whether we are eating or not, but in relatively 
small amounts. This saliva keeps the mouth moist and inhibits 
baeterial growth. 

The extrinsic salivary glands are three pairs of larger, 
more diserete organs loeated outside of the oral mucosa. They 


© McGraw-Hill Education/Rebecca Gray, photographer/Don Kineaid, disseetions 
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Figure 24.9 The Extrinsic Salivary Glands. Half of the mandible 
has been removed to expose the sublingual gland medial to it. 
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communicate with the oral eavity by way of ducts (fig. 24.9). 
They are: 

1. The parotid 11 gland, loeated just beneath the skin anterior 
to the earlobe. Its duct passes superficially over the masseter, 
pierees the buccinator, and opens into the mouth opposite the 
seeond upper molar tooth. Mumps is an inflammation and 
swelling of the parotid gland caused by a virus. 

2. The submandibular gland, loeated halfway along the 
body of the mandible, medial to its margin, just deep to 
the mylohyoid muscle. Its duct empties into the mouth at a 
papilla on the side of the lingual frenulum, near the lower 
eentral ineisors (see fig. 24.4). 

3. The sublingual gland, loeated in the floor of the mouth. It 
has multiple ducts that empty into the mouth posterior to the 
papilla of the submandibular duct (see fig. 24.4). 

These are all compound tubuloacinar glands with a treelike 
arrangement of branehing ducts ending in aeini. Some aeini have 
only mucous eells, some have only serous eells, and some have a 
mixture of both ( ig. 24.10). Typieally on the last of these, ealled 
mixed aeini, the mucous eells surround the lumen and the serous 
eells form a eap on one end, shaped a bit like a eroissant, ealled 
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Figure 24.10 Mieroseopie Anatomy of the Salivary Glands. (a) Duct 
and aeini of a generalized salivary gland with a mixture of mucous and 
serous eells. Serous eells often form ereseent-shaped eaps ealled serous 
demilunes over the ends of mucous aeini. No one salivary gland shows 
all the features shown here. (b) Histology of the sublingual salivary gland. 


1 o 

the serons demilune. Mucous eells seerete salivary mucus, and 
serous eells seerete a thinner fluid rieh in amylase and eleetrolytes. 

Salivation is eontrolled by groups of neurons ealled salivatory 
nuclei in the medulla oblongata and pons. They reeeive signals 
from sensory reeeptors in the mouth as well as from higher brain 
eenters that respond to the odor, sight, or thought of food. Efferent 
nerve pathways to the salivary glands were deseribed earlier 
(p. 655). Salivation is mostly under the eontrol of parasympathetie 
fibers in eranial nerves VII and IX, which stimulate the seeretion 
of watery, enzyme-rieh saliva. Sympathetie fibers from eervieal 
ganglia stimulate the seeretion of thieker, mucus-rich saliva. 



Apply What You Know 

Explain why the mouth may feel dry or stieky when one is nervous. 
(Hint: Draw on information aboutthe autonomic nervous system 
in ehapter 16.) 


"par = next to; ot = ear 


u demi — half; lune = moon 
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The Pharynx 

The pharynx, as deseribed in ehapter 23, is a muscular funnel that 
eonneets the oral eavity to the esophagus and the nasal eavity to 
the larynx; thus, it is a point where the digestive and respiratory 
traets interseet. It eonsists of three regions ealled the nasopharynx, 
oropharynx, and laryngopharynx (see fig. 23.2c, p. 634). The 
first is exclusively respiratory and is lined with pseudostratified 
columnar epithelium; the last two are shared by the respiratory 
and digestive traets and are lined with nonkeratinized stratified 
squamous epithelium, an adaptation to withstanding abrasion by 
passing food. 

The pharynx has a deep layer of longitudinally oriented skele- 
tal muscle and a superficial layer of circular skeletal muscle. The 
circular muscle is divided into superior, middle, and inferior 
pharyngeal eonstrietors, which foree food downward during 
swallowing. When one is not swallowing, the inferior eonstrietor 
remains eontraeted to exclude air from the esophagus. This eon- 
strietion is regarded as the upper esophageal sphineter, although 
it is not an anatomieal feature of the esophagus. It disappears at 
the time of death when the muscle relaxes. Thus, it is regarded 
as a physiologieal sphineter rather than a eonstant anatomieal 
structure. 

The Esophagus 

The esophagus is a straight muscular tube 25 to 30 em long, pos- 
terior to the traehea (see figs. 24.1 and 24.2). Its superior opening 
lies between vertebra C6 and the erieoid eartilage of the larynx. 
After passing downward through the mediastinum, the esophagus 
penetrates the diaphragm at an opening ealled the esophageal 
liiatus, continues another 3 to 4 em, and meets the stomaeh at 
the level of vertebra T7. Its opening into the stomaeh is ealled the 
eardiae orifiee (for its proximity to the heart). Food pauses briefly 
at this point before entering the stomaeh because of a eonstrietion 
ealled the lower esophageal sphineter (LES). The LES prevents 
stomaeh eontents from regurgitating into the esophagus, thus 
proteeting the esophageal mucosa from the erosive effeet of the 
stomaeh aeid (see Deeper Insight 24.2). 

The wall of the esophagus is organized into the tissue layers 
deseribed earlier, with some regional speeializations. The mucosa 
has a nonkeratinized stratified squamous epithelium. The submu- 
eosa eontains esophageal glands, which seerete lubricating mucus 
into the lumen. When the esophagus is empty, the mucosa and 
submucosa are deeply folded into longitudinal ridges, giving the 
lumen a starlike shape in eross seetion. 

The muscularis externa is eomposed of skeletal muscle in the 
upper one-third of the esophagus, a mixture of skeletal and smooth 
muscle in the middle one-third, and only smooth muscle in the 
lower one-third. 

Most of the esophagus is in the mediastinum. Here, it is eov- 
ered with a eonneetive tissue adventitia that merges into the adven- 
titias of the traehea and thoraeie aorta. The short segment below 
the diaphragm is partially eovered by a serosa. 

Swallowing, or deglutition (DEE-glu-TISH-un), is a eom- 
plex aetion involving over 22 muscles in the mouth, pharynx, and 



Gastroesophageal Reflux Disease 

It would seem that churning of the stomaeh would drive its 
eontents baek up the esophagus. Such backflow, or gostro- 
esophogeol reflux, is normally prevented, however, by the lower 
esophageal sphineter. Weakening of the LES leads to repetitive 
or ehronie backflow, ealled gostroesophogeol reflux diseose 
(GERD). Stomaeh aeid and sometimes bile aeids and panere- 
atie enzymes regurgitate into the esophagus and irritate the 
mucosa. This causes the sensation of “heartburn,” named for 
its loeation although it has nothing to do with the heart. GERD 
affeets as much as 50% of the population in the llnited States, 
espeeially white males. Beside sex and raee, risk faetors include 
age (middle-aged or beyond), being overweight, and going to 
bed too soon after eating. 

The heartburn sensation ean often be managed with ant- 
aeids and is eommonly dismissed by physieians and patients 
as merely a nuisance. However, in a few eases, GERD ean lead 
to more serious eomplieations such as searring and narrowing 
of the esophagus (stricture), erosion and inflammation of the 
esophageal wall (erosive esophogitis), a transformation (meta- 
plasia) of esophageal epithelium to an intestinal-type columnar 
epithelium ( Borretf 3 esophogus), and a form of esophageal 
eaneer ealled odenoeoreinomo. Although most people with 
Barrett esophagus and adenoeareinoma have a long-term his- 
tory of GERD, only 5% to 15% of those with GERD progress to 
Barrett esophagus and fewer than 0.1% to adenoeareinoma. 


esophagus, eoordinated by the swallowing eenter, a pair of nuclei 
in the medulla oblongata. This eenter communicates with muscles 
of the pharynx and esophagus by way of the trigeminal, faeial, 
glossopharyngeal, and hypoglossal nerves (eranial nerves V, VII, 
IX, and XII), and eoordinates a complex series of muscle eontrae- 
tions to produce swallowing without ehoking. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

6. List as many functions of the tongue as you ean. 

7. Name the four types of teeth in order from the midline to 
the rear of the jaw. How do they differ in function? 

8. What is the differenee in function and loeation between 
intrinsie and extrinsic salivary glands? Name the extrinsic 
salivary glands and deseribe their loeations. 

9. Identify at least two histologieal features of the esophagus 
that are espeeially tied to its role in swallowing. 


13 Norman R. Barrett (1903-79), British surgeon 
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The Stomaeh aiir 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the gross and mieroseopie anatomy of the 
stomaeh; 

b. deseribe the nerve and blood supply to the stomaeh; 
e. state the function of eaeh type of epithelial eell in the 

gastrie mucosa; and 

d. explain how the stomaeh is proteeted from digesting itself. 


The stomaeh is a muscular sae in the upper left abdominal eavity 
immediately inferior to the diaphragm (see fig. 24.1). It functions 
primarily as a food storage organ, with an internal volume of about 
50 mL when empty and 1.0 to 1.5 L after a typieal meal. When 
extremely full, it may hold up to 4 L and extend nearly as far as the 
pelvis. The stomaeh meehanieally breaks up food partieles, lique- 
fies the food, and begins the ehemieal digestion of proteins and 
fat. This produces a soupy or pasty mixture of semidigested food 
ealled ehyme 14 (pronounced “kime”). Most digestion occurs after 
the ehyme passes on to the small intestine. The stomaeh also pro- 
duces seeretions that are important in vitamin absorption, appetite 
eontrol, and eoordination of different parts of the digestive traet 
with eaeh other. 

Gross Anatomy 

The stomaeh is somewhat J-shaped (fig. 24.11) and vertieal in tall 
people, whereas in short people it is more nearly horizontal. We ean 
traee the margin of the stomaeh from esophagus to duodenum by 
a short way and a long way. The short way (about 10 em) is along 
the superomedial margin, faeing the liver, and is ealled the lesser 
curvature. The long way (about 40 em) is along the inferolateral 
margin and is ealled the greater curvature. The lesser curvature is 
attaehed to a short lesser omentum that spans the spaee from there to 
the liver, and a large greater omentum is suspended from the greater 
curvature. 

The stomaeh is divided into four regions: (1) The eardiae 
region (eardia) is the small area within about 3 em of the eardiae 
orifiee. (2) The fimdie region (fundus) is the domelike roof 
superior to the esophageal attaehment. (3) The body (corpus) 
makes up most of the stomaeh distal to the eardiae orifiee. (4) The 
pylorie region is a slightly narrower pouch at the distal end; it 
is subdivided into a funnel-like antrum 15 and a narrower pylorie 
eanal. The latter terminates at the pylorus, 16 a narrow passage 
into the duodenum. The pyloms is surrounded by a thiek ring of 
smooth muscle, the pylorie (gastroduodenal) sphineter, which 
regulates the passage of ehyme into the duodenum. 


n chyme = juice 
15 anfm/r? = eavity 
}& py!orus = gatekeeper 


Mieroseopie Anatomy 

The stomaeh wall has tissue layers similar to those of the esophagus, 
with some variations. The surface of the mucosa is a simple colum- 
nar glandular epithelium (fig. 24.12). The apieal regions of its eells 
are filled with mucin. After it is seereted, mucin swells with water 
and beeomes mucus. When the stomaeh is full, the mucosa and 
submucosa are flat and smooth, but as it empties, these layers fold 
into longitudinal wrinkles ealled gastrie rugae 17 (ROO-jee). The 
lamina propria is almost entirely occupied by tubular glands, to be 
deseribed shortly. The muscularis externa has three layers, rather 
than two—an outer longitudinal, middle circular, and inner oblique 
layer (fig. 24.11a). 


Apply What You Know 

Contrast the epithelium of the esophagus with that of the 
stomaeh. Why is eaeh epithelial type best suited to the function 
of its respeetive organ? 


The gastrie mucosa is poeked with depressions ealled gastrie 
pits lined with the same columnar epithelium as the mucosal sur- 
faee. Two or three tubular glands open into the bottom of eaeh 
gastrie pit and span the rest of the lamina propria. The glands are 
simple wavy or eoiled tubes of more or less uniform diameter, 
except for a eonstrietion ealled the neek at the point where the gland 
opens into the pit. In the eardiae and pylorie regions, they are ealled 
eardiae glands and pylorie glands, respeetively. In the rest of the 
stomaeh, they are ealled gastrie glands (fig. 24.12b, e). Collectively, 
the glands have the following eell types (table 24.1, p. 667): 

• Mucous eells, which seerete mucus, predominate in the eardiae 
and pylorie glands. In gastrie glands, they are ealled mucous 
neek eells and are eoneentrated in the neek of the gland. 

• Regenerative (stem) eells, found in the base of the pit and 
neek of the gland, divide rapidly and produce a continual sup- 
ply of new eells. Newly generated eells migrate upward to the 
gastrie surface as well as downward into the glands to replaee 
eells that die and fall off into the lumen of the stomaeh. 

• Parietal eells, found mostly in the upper half of the gland, 
seerete hydroehlorie aeid (HC1), a digestive aid; intrinsie 
faetor, a glyeoprotein needed for the absorption of dietary 
vitamin B 12 ; and an appetite-regulating hormone named 
ghrelin (GREL-in). They are found mostly in the gastrie 
glands, but a few occur in the pylorie glands. 

• Chief eells, so named because they are the most numerous, 
seerete the fat-digesting enzyme gastrie lipase, as well as 
pepsinogen, the precursor of a protein-digesting enzyme 
ealled pepsin. They dominate the lower half of the gastrie 
glands but are absent from eardiae and pylorie glands. 

• Enteroendoerine eells, eoneentrated espeeially in the lower 
end of a gland, seerete hormones and other ehemieal signals 
that regulate digestion. They are found in all regions of the 
stomaeh, but are most numerous in the gastrie and pylorie 
glands. There are at least eight kinds, eaeh of which produces 


v ruga = fold, erease 
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Figure 24.1^ The stomaeh. (a) Gross anatomy. (b) Photograph of the internal surface. 
• How does the musculor woll ofthe stomoeh differ from thot ofthe esophogus? AP[ R 
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Figure 24.12 Mieroseopie Anatomy of the Stomaeh Wall. (a) A bloek of tissue showing all layers from the mucosa (top) to the serosa (bottom). 
(b) A pylorie gland from the inferior end of the stomaeh. Note the absenee of ehief eells and relatively few parietal eells. (e) A gastrie gland, the 
most widespread type in the stomaeh. (d) The opening of several gastrie pits into the stomaeh, surrounded by the rounded apieal surfaces of the 
columnar epithelial eells of the mucosa (SEM). AP| R 
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TABLE 24.1 


Major Seeretions of the Gastrie Glands 


Seeretory Cells 


Seeretion 


Function 


Mucous neek eells Mucus 


Proteets mucosa from HCI and enzymes 


Parietal eells 


Chief eells 


Enteroendoerine eells 


Hydroehlorie 
aeid (HCI) 

Intrinsie faetor 

Ghrelin 

Pepsinogen 

Gastrie lipase 

Gastrin 

Serotonin 

Histamine 


Aetivates pepsin and lingual lipase; helps liquefy food; reduces dietary iron to usable form (Fe 2+ ); 
destroys ingested pathogens 

Enables small intestine to absorb vitamin B 12 

Seereted when stomaeh is empty; aets on brain to produce sensation of hunger 
Converted to pepsin, which digests protein 
Digests fat 

Stimulates gastrie glands to seerete HCI and enzymes; stimulates intestinal motility; relaxes ileoeeeal valve 
Stimulates gastrie motility 
Stimulates HCI seeretion 


Somatostatin Inhibits gastrie seeretion and motility; delays emptying of stomaeh; inhibits seeretion by panereas; inhibits 

gallbladder eontraetion and bile seeretion; reduces blood circulation and nutrient absorption in small intestine 


a different ehemieal messenger. G eells, for example, seerete 
a hormone ealled gastrin, which stimulates the exocrine eells 
of the gastrie glands to seerete aeid and enzymes. 

In general, the eardiae and pylorie glands seerete mainly mucus; aeid 
and enzyme seeretion occur predominantly in the gastrie glands; and 
hormones are seereted throughout the stomaeh. 

Some people enjoy haggis and tripe, made from animal 
stomaehs, and have no difficulty digesting them. Why, then, 
doesn’t the human stomaeh digest itself? The living stomaeh is 
proteeted in three ways from the harsh ehemieal environment 
it ereates: 

1 . Mucous eoat. A thiek, highly alkaline mucus resists the 
aetion of aeid and enzymes. 

2. Tight junctions. The epithelial eells are joined by tight 
junctions that prevent gastrie juice from seeping between 
them and digesting the eonneetive tissue below. 

3 . Epithelial eell replaeement. In spite of these other 
proteetions, the stomaeh’s epithelial eells live only 3 to 6 days 
and are then sloughed off into the ehyme and digested with 
the food. They are replaeed just as rapidly, however, by the 
division of stem eells in the gastrie pits. 

The breakdown of these proteetive meehanisms ean result in 
inflammation and peptie ulcer (see Deeper Insight 24.3). 

Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

10. Distinguish between the eardiae region, fundic region, 

body, and pylorie region of the stomaeh. 

11. Name the eell types in the gastrie and pylorie glands and 
state what eaeh one seeretes. 

12. Explain why the stomaeh does not digest itself. 




The Small Intestìne 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the gross and mieroseopie anatomy of the 
small intestine; and 

b. deseribe the structural adaptations of the small 
intestine for digestion and nutrient absorption. 


The stomaeh “spits” about 3 mL of ehyme at a time into the small 
intestine. Nearly all ehemieal digestion and nutrient absorption 
occur here. To perform these roles effieiently, the small intestine 
must have a large surface area exposed to the ehyme. This surface 
area is imparted to it by extensive folding of the mucosa, and by 
the great length of the small intestine. It measures about 2.7 to 
4.5 m long in a living person, but in the eadaver, where there is 
no muscle tone, it is 4 to 8 m long. The expression small intestine 
refers not to its length but to its diameter—about 2.5 em (1 in.). 

Gross Anatomy 

The small intestine is a eoiled mass filling most of the abdominal 
eavity inferior to the stomaeh and liver. It is divided into three 
regions: the duodenum, jejunum, and ileum (fig. 24.14). 

The duodenum (dew-ODD-eh-num or DEW-oh-DEE-num) 
constitutes the first 25 em (10 in.). It begins at the pylorie sphine- 
ter, ares around the head of the panereas and passes to the left, and 
ends at a sharp bend ealled the duodenojejunal flexure. Its name 
refers to its length, about equal to the width of 12 fingers. 18 The 
first 2 em of the duodenum is intraperitoneal, but the rest is retro- 
peritoneal, along with the panereas. 


}Q duoden = 12 
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DEEPER INSIGHT 


Peptie Ulcer 



Inflammation of the stomaeh, ealled gostritis, ean lead to a pep- 
tie ulcer as pepsin and hydroehlorie aeid erode the stomaeh wall 
(fig. 24.13). Peptie ulcers occur even more eommonly in the duo- 
denum and oeeasionally in the esophagus. If untreated, they ean 
perforate the organ and cause fatal hemorrhaging or peritonitis. 
Most such fatalities occur in people over age 65. 

There is no evidenee to support the popular belief that peptie 
ulcers result from psyehologieal stress. Hyperseeretion of aeid 
and pepsin is sometimes involved, but even normal seeretion ean 
cause ulceration if the mucosal defense is eompromised by other 
causes. Many or most ulcers involve an aeid-resistant bacterium, 
Helieobaeter pylori, that invades the mucosa of the stomaeh and 
duodenum and opens the way to ehemieal damage to the tissue. 
Other risk faetors include smoking and the use of aspirin and 


other nonsteroidal anti-inflammatory drugs (NSAIDs). NSAIDs sup- 
press the synthesis of prostaglandins, which normally stimulate the 
seeretion of proteetive mucus and acid-neutralizing biearbonate. 
Aspirin itself is an aeid that direetly irritates the gastrie mucosa. 

Not long ago, the most widely preseribed drug in the llnited 
States was Oimetidine (Tagamet), which was designed to treat 
peptie ulcers by reducing aeid seeretion. Histamine stimulates 
aeid seeretion by binding to sites on the parietal eells ealled 
H 2 reeeptors; Oimetidine, an H 2 bloeker, prevents this binding. Lately, 
however, ulcers have been treated more successfully with antibiot- 
ies against Helieoboeter eombined with bismuth suspensions such 
as Pepto-Bismol. This is a much shorter and less expensive course 
of treatment and permanently cures about 90% of peptie ulcers, 
as eompared with a cure rate of only 20% to 30% for H 2 bloekers. 



(a) Normal (b) Peptie ulcer 


Figure 24.13 Endoseopie Views of the Gastroesophageal Junction. The esophagus ean be seen opening into the eardiae stomaeh. (a) A 
view of the eardiae orifiee from above, showing a healthy esophageal mucosa. The small white spots are refleetions of light from the endoseope. 
(b) A bleeding peptie ulcer. A peptie ulcer typieally has an oval shape and yellow-white eolor. Here the yellowish floor of the ulcer is partially 
obscured by blaek blood elots, and fresh blood is visible around the margin. 


Internally, the duodenum exhibits transverse to spiral ridges, 
up to 10 mm high, ealled circular folds (plieae circulares) (see 
fig. 24.19). They involve only the mucosa and submucosa; they are 
not visible on the external surface of the intestine, which is smooth. 
They cause the ehyme to flow on a spiral path along the mucosa, 
slowing its progress, causing more eontaet with the mucosa, and 
promoting thorough mixing, digestion, and nutrient absorption. 

Adjaeent to the head of the panereas, the duodenal wall has 
a prominent wrinkle ealled the major duodenal papilla where 
the bile and panereatie ducts open into the intestine. This papilla 
marks the boundary between the foregut and midgut. In most peo- 
ple, there is a smaller minor duodenal papilla a little proximal to 
this, which reeeives an aeeessory panereatie duct. 


The duodenum reeeives and mixes the stomaeh eontents, 
panereatie juice, and bile. Stomaeh aeid is neutralized here by 
biearbonate in the panereatie juice, fats are physieally broken up 
(emulsified) by the bile, pepsin is inaetivated by the rise in pH, and 
panereatie enzymes take over the job of ehemieal digestion. 

The jejunum (jeh-JOO-num), by definition, is the first 40% of 
the small intestine beyond the duodenum—roughly 1.0 to 1.7 m 
in a living person. Its name refers to the faet that early anatomists 
typieally found it to be empty. 19 The jejunum begins in the upper 
left quadrant of the abdomen but lies mostly within the umbili- 
eal region (see fig. 1.11, p. 15). It has large, tall, elosely spaeed 


' 9 jejun = empty, dry 
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Figure 24.14 Gross Anatomy oftheSmall Intestine. APlR^ 


circular folds. Its wall is relatively thiek and muscular, and it has 
an espeeially rieh blood supply that gives it a relatively red eolor. 
Most digestion and nutrient absorption occur here. 

The ileum 20 forms the last 60% of the postduodenal small 
intestine—about 1.6 to 2.7 m. It occupies mainly the hypogastrie 
region and part of the pelvie eavity. Compared with the jejunum, 
its wall is thinner, less muscular, less vascular, and has a paler pink 
eolor. Its circular folds are smaller and more sparse, and are laek- 
ing from the distal end. On the side opposite from its mesenterie 
attaehment, the ileum has prominent lymphatie nodules in clusters 
ealled Peyer 21 patehes, which are readily visible to the naked eye 
and beeome progressively larger approaehing the large intestine. 

The end of the small intestine is the ileoeeeal (ILL-ee-oh-SEE- 
cul) junction, where the ileum joins the cecum of the large intes- 
tine. The muscularis of the ileum is thiekened at this point to form a 
sphineter, the ileoeeeal (ILL-ee-oh-SEE-cul) valve, which protmdes 
into the cecum and regulates the passage of food residue into the 
large intestine and prevents feees from baeking up into the ileum. 

Both the jejunum and ileum are intraperitoneal and thus eovered 
on all sides with a serosa, which is continuous with the complex, 
folded mesentery that suspends the small intestine from the posterior 
abdominal wall. Because most of the duodenum, however, is retro- 
peritoneal, the peritoneum forms a serosa only on its anterior surface 
and its other surfaces are eovered with adventitia. 

Mieroseopie Anatomy 

The tissue layers of the small intestine are reminiseent of those 
in the esophagus and stomaeh with modifieations appropriate for 
nutrient digestion and absorption. The lumen is lined with simple 


columnar epithelium. The muscularis externa is notable for a thiek 
inner circular layer and a thinner outer longitudinal layer. 

Effeetive digestion and nutrient absorption require the small 
intestine to have a large internal surface area. This is provided by 
its relatively great length and by three kinds of internal folds or 
projeetions: the circular folds, villi, and mierovilli. If the mucosa 
of the small intestine was smooth, like the inside of a hose, it would 
have a surface area of about 0.3 to 0.5 m , but with these surface 
elaborations, its actual surface area is about 200 m—elearly a 
great advantage for nutrient absorption. The circular folds inerease 
the surface area by a faetor of 2 to 3, the villi by a faetor of 10, and 
the mierovilli by a faetor of 20. 

Villi (VIL-eye; singular, villus) are tongue- to finger-shaped 
projeetions that rise about 0.5 to 1.0 mm from the intestinal wall 
(fig. 24.15). They give the mucosa a fuzzy texture like a terryeloth 
towel. Villi are largest in the duodenum and progressively smaller 
in more distal regions of the small intestine. A villus is eovered with 
two kinds of epithelial eells—columnar enteroeytes (absorptive 
eells) and mucus-secreting goblet eells. Like epithelial eells of the 
stomaeh, those of the small intestine are joined by tight junctions 
that prevent digestive enzymes from seeping between them. The 
eore of a villus is paeked with areolar tissue of the lamina propria 
and eontains a few smooth muscle eells that eontraet periodieally. 
This enhanees mixing of the ehyme in the intestinal lumen and aids 
in the uptake of dietary fat. 

The eore also eontains an arteriole, a bed of blood eapillaries, 
a venule, and a lymphatie eapillary ealled a laeteal (LAC-tee-ul). 
The blood eapillaries absorb most nutrients, but the laeteal absorbs 
most dietary lipid. The reason lipids are little absorbed by the blood 
eapillaries eoneerns their “paekaging.” The enteroeytes paekage 
them in protein- and phospholipid-eoated droplets ealled ehylomi- 
erons, then release these into the eore of the villus. Chylomicrons are 
too large (60 to 750 nm) to pass through the blood eapillary walls into 
the bloodstream, but lymphatie eapillaries have larger gaps between 
their eells (see fig. 22.3, p. 612) that allow for the uptake of these 
large droplets into the lymph. The lymphatie system eventually deliv- 
ers them to the bloodstream. The fatty lymph in the laeteal is ealled 
ehyle. It has a milky appearanee for which the laeteal is named. 22 


Apply What You Know 

Identify the exact plaee in the body where ehylomierons enter 
the blood. (Hint: See ehapter 22.) 


Mierovilli are hairlike projeetions, about 1 \im high, that form 
a dense, fuzzy bmsh border on the surface of eaeh enteroeyte 
(see fig. 2.12, p. 36). Adding to the intestinal surface area is immensely 
important, but it is not their only function. Certain digestive enzymes 
ealled bmsh border enzymes are embedded in their plasma mem- 
branes and perform the final steps in digesting protein and earbohy- 
drates. The ehyme must eome into eontaet with the mierovilli for this 
to occur, so this is ealled eontaet digestion. This is one reason that 
thorough mixing of the ehyme is so important. The end products of 
digestion are then absorbed through the membranes of the mierovilli. 


20 from eilos = twisted 

21 Johann K. Peyer (1653-1712), Swiss anatomist 


laet = milk 
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Figure 24.15 Intestinal Villi. (a) Villi (SEM). Eaeh villus is about 

1 mm high. (b) Histologieal seetion of the duodenum showing villi, 
intestinal erypts, and duodenal glands. (e) Structure of a villus. 
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On the floor of the small intestine, between the bases of the 
villi, there are numerous pores that open into tubular glands ealled 


erypts, similar to the gastrie glands, extend as far as the muscularis 
mucosae. In the upper half, they eonsist of enteroeytes and goblet 
eells like those of the villi. The lower half is dominated by dividing 
stem eells. In its life span of 3 to 6 days, an epithelial eell migrates up 
the erypt to the tip of the villus, where it is sloughed off and digested. 

r\ A 

Also seen deep in the erypts are enteroendoerine eells and Paneth 
eells. Paneth eells seerete the antimierobial enzyme lysozyme and 
other defensive proteins that resist baeterial invasion of the mucosa. 

The duodenum has prominent duodenal glands in the submu- 
eosa. They seerete an abundance of alkaline mucus, which neutralizes 
stomaeh aeid and shields the mucosa from its erosive effeets. Through- 
out the small intestine, the lamina propria and submucosa have a large 
population of lymphoeytes that intereept pathogens before they ean 
invade the bloodstream. In some plaees, these are aggregated into 
conspicuous lymphatie nodules (see fig. 22.8, p. 616), which beeome 


intestinal erypts (erypts of Lieberkiihn; 23 LEE-ber-koohn). These most conspicuous in the Peyer patehes of the ileum. 


23 Johann N. Lieberkuhn (1711-56), German anatomist 


24 Josef Paneth (1857-90), Austrian physieian 
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Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

13. Name the three regions of the small intestine and deseribe 

the distinetive features of eaeh one. 

14. Name the sphineters at the beginning and end of the small 

intestine. 

15. What three structures inerease the absorptive surface area 

of the small intestine? 

16. Sketeh a villus and label its epithelium, brush border, lamina 

propria, blood eapillaries, and laeteal. 



The Large Intestine 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the gross and mieroseopie anatomy of the 
large intestine; and 

b. eontrast the mucosa of the eolon with that of the small 
intestine. 


The large intestine (fig. 24.16) reeeives about 500 mL of indigest- 
ible food residue per day, reduces it to about 150 mL of feees by 
absorbing water and salts, and eliminates the feees by defeeation. 

Gross Anatomy 

The large intestine measures about 1.5 m (5 ft) long and 6.5 em 
(2.5 in.) in diameter in the eadaver. It is named for its relatively 
large diameter, not its length. It eonsists of four regions: the cecum, 
eolon, rectum, and anal eanal. 

The cecum 25 is a pouch in the lower right abdominal quadrant 
inferior to the ileoeeeal valve. Attaehed to its lower end is the 
wormlike appendix, a blind tube 2 to 7 em long. The mucosa of the 
appendix is densely populated with lymphoeytes and is a signifi- 
eant source of immune eells. Herbivorous primates such as gorillas 
and orangutans have an enormous cecum, paeked with baeteria 
that digest the plant fiber in their eoarse diet. Humans, with their 
more mixed and easily digested diet, have only the appendix as a 
vestige of the larger cecum. 

The eolon is that portion of the large intestine between the 
ileoeeeal junction and the rectum (not including the cecum, 
rectum, or anal eanal). It is divided into the aseending, transverse, 
deseending, and sigmoid regions. The aseending eolon begins at 
the ileoeeeal valve and passes up the right side of the abdominal 
eavity. It makes a 90° turn at the right eolie (hepatie) flexure, 
near the right lobe of the liver, and beeomes the transverse eolon. 


25 cec = blind 


This passes horizontally aeross the upper abdominal eavity and 
turns 90° downward at the left eolie (splenie) flexure near the 
spleen. Here it beeomes the deseending eolon, which passes down 
the left side of the abdominal eavity. Aseending, transverse, and 
deseending eolons thus form a squarish, three-sided frame around 
the small intestine. The pelvie eavity is narrower than the abdomi- 
nal eavity, so the eolon turns medially and downward at the iliae 
erest, then deseends through the pelvie inlet and beeomes the 
rectum. This results in a roughly S-shaped portion ealled the 
sigmoid 26 eolon. (Visual examination of this region is performed 
with an instmment ealled a sigmoidoseope.) 

The reetrnn, 27 about 15 em long, is the continuation of the large 
intestine into the pelvie eavity. In spite of its name, it is not per- 
feetly straight but has three slight lateral curves as well as an antero- 
posterior curve. The reetal mucosa is smoother than that of the 
eolon. It has three internal transverse reetal folds (reetal valves) 
that enable it to retain feees while passing gas. The large intestine 
eontains about 7 to 10 L of gas, expelling about 500 mL/day anally 
dLsflatus and reabsorbing the rest through the eolonie wall. 

The final 3 em of the large intestine is the anal eanal 
(fig. 24.16b), which passes through the levator ani muscle of the 
pelvie floor and terminates at the anus. The mucosa of the anal 
eanal forms longitudinal ridges ealled anal columns with depres- 
sions between them ealled anal sinuses. As feees pass through the 
eanal, they press against the sinuses and cause them to exude extra 
mucus, which lubricates the eanal during defeeation. Prominent 
hemorrhoidal veins form superficial plexuses in the anal eohimns 
and around the orifiee. Unlike veins in the limbs, they laek valves 
and are particularly subject to distension and venous pooling. 
Hemorrhoids are permanently distended veins that protmde into 
the anal eanal or form bulges external to the anus. 

The muscularis externa of the eolon is unusual. Although it 
eompletely eneireles the eolon just as it does the small intestine, its 
longitudinal fibers are espeeially eoneentrated in three thiekened, 
ribbonlike strips ealled the taeniae eoli (TEE-nee-ee CO-lye). 
The muscle tone of the taeniae eoli eontraets the eolon lengthwise 
and causes its wall to bulge, forming pouches ealled haustra 28 
(HAW-stra; singular, haustrum). In the rectum and anal eanal, how- 
ever, the longitudinal muscle forms a continuous sheet and haustra 
are absent. The anus is normally held shut by two muscular rings—an 
internal anal sphineter eomposed of smooth muscle of the muscu- 
laris externa, and an external anal sphineter eomposed of skeletal 
muscle of the pelvie diaphragm. The internal anal sphineter is under 
involuntary eontrol and relaxes automatically when the rectum is 
distended with feees. The external anal sphineter is under voluntary 
eontrol and enables one to postpone defeeation when appropriate. 

The aseending and deseending eolon are retroperitoneal, 
whereas the transverse and sigmoid eolon are eovered with serosa 
and anehored to the posterior abdominal wall by the mesoeo- 
lon. The serosa of the transverse through sigmoid eolon often 
has clublike fatty pouches of unknown function, ealled omental 
appendages. 


26 sigm = sigma or S; oid = resembling 
27 rect = straight 

28 houstr = to dravv (like a purse string) 
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Figure 24.16 The Large Intestine. 

Which anal sphineter is eontrolled by the autonomic nervous system? Which is eontrolled by the somatie nervous system? Explain the basis for 
your ansvvers. AP R 
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Mieroseopie Anatomy 

The mucosa of the large intestine has a simple columnar epithe- 
lium in all regions except the lower half of the anal eanal, where 
it has a nonkeratinized stratified squamous epithelium. The latter 
provides more resistanee to the abrasion caused by the passage 
of feees. There are no circular folds or villi in the large intestine, 
but there are intestinal erypts. They are deeper than in the small 
intestine and have a greater density of goblet eells; mucus is their 
only signifieant seeretion. The lamina propria and submucosa have 
an abundance of lymphatie tissue, providing proteetion from the 
baeteria that densely populate the large intestine. 

The mucosa of the aseending and transverse eolon is speeial- 
ized for fluid and eleetrolyte absorption. During the proeess of 
digestion, a great deal of water is seereted by the salivary glands, 
stomaeh, and small intestine. Almost all of this is reabsorbed by 
the large intestine. When absorption is hindered, as in some bae- 
terial infeetions, the result is diarrhea—an inerease in the liquid 
eliminated with the feees. Severe diarrhea ean lead to serious and 
sometimes fatal dehydration and eleetrolyte imbalanees. 


Before You Go On 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

17. Name the regions of the large intestine in order from cecum 
to anus. 

18. How does the mucosa of the large intestine differ from that of 

the small intestine? How does the muscularis externa differ? 

19. How do the two anal sphineters differ in loeation, tissue 

eomposition, and function? 



Aeeessory Glands 
of Digestion 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the gross and mieroseopie anatomy of the 
liver, gallbladder, and bile duct system; 

b. deseribe the functions of the liver and bile; 

e. deseribe the gross and mieroseopie anatomy of the 
panereas; and 

d. list the digestive seeretions of the panereas and their 
functions. 


The small intestine reeeives not only ehyme from the stomaeh but 
also seeretions from the liver and panereas, which empty into the 
digestive traet near the junction of the stomaeh and small intes- 
tine. These are regarded as aeeessory organs of digestion. Another 
aeeessory organ, the gallbladder, is assoeiated with the liver in its 
anatomy and digestive function. 


The Liver apìr 

The liver (fig. 24.17) is a reddish brown gland loeated immedi- 
ately inferior to the diaphragm, filling most of the right hypo- 
ehondriae and epigastrie regions. It is the body’s largest gland, 
weighing about 1.4 kg (3 pounds). The liver has numerous 
functions (table 24.2). From their variety and importanee, it 
is not hard to understand why liver diseases such as eirrhosis, 
hepatitis, and liver eaneer are so serious and often fatal. Only 
one of these functions contributes to digestion—the seeretion 
of bile. Bile is a green fluid eontaining minerals, eholesterol, 
neutral fats, phospholipids, bile pigments, and bile aeids. The 
prineipal pigment is bilimbin, derived from the deeomposition 
of hemoglobin. Baeteria of the large intestine metabolize bili- 
rubin to urobilinogen, which is responsible for the brown eolor 
of feees. In the absenee of bile seeretion, the feees are gray- 
ish white and marked with streaks of undigested fat (aeholie 
feees). Bile aeids (bile salts) are steroids synthesized from eho- 
lesterol. Bile aeids and leeithin, a phospholipid, emulsify fat— 
breaking globules of dietary fat into smaller droplets with more 
surface area exposed to enzyme aetion. Emulsification greatly 
enhanees the effieieney of fat digestion. 

Gross Anatomy 

The liver is enelosed in a fibrous capsule and, external to this, most 
of it is eovered by serosa. The serosa is absent from the bare area 
where its superior surface is attaehed to the diaphragm. 

The liver is superficially subdivided into the right, left, quad- 
rate, and caudate lobes. From an anterior view, we see only the 
large right lobe and smaller left lobe. They are separated from 
eaeh other by the faleiform 29 ligament, a sheet of mesentery that 
attaehes the liver to the anterior abdominal wall. Superiorly, the 
faleiform ligament forks into right and left eoronary 30 ligaments, 
which suspend the liver from the diaphragm. The round ligament 
(ligamentum teres), visible anteriorly at the lower end of the 
faleiform, is a fibrous remnant of the umbilical vein, which earries 
blood from the umbilical eord to the liver of a fetus. 

From the inferior view, we also see a squarish anterior quadrate 

r% 1 

lobe next to the gallbladder and a tail-like caudate lobe poste- 
rior to that. An irregular opening between these lobes, the porta 
hepatis, 32 is a point of entry for the hepatie portal vein and hepatie 
arteries and a point of exit for the bile passages. All of these blood 
vessels and bile passages travel in the lesser omentum. The gall- 
bladder adheres to a depression on the inferior surface of the liver 
between the right and quadrate lobes. The posterior aspeet of the 
liver has a deep groove (sulcus) occupied by the inferior vena eava. 

Mieroseopie Anatomy 

The interior of the liver is filled with an enormous number of tiny 
eylinders ealled hepatie lobules, about 2 mm long by 1 mm in 
diameter. A lobule eonsists of a eentral vein passing down its eore, 
surrounded by radiating sheets of cuboidal eells ealled hepatoeytes 
(fig. 24.18). Imagine spreading a book wide open until its front 


29 folci = siekle; form = shape 
30 coron = erovvn; ary = like, resembling 
31 coi/c/ = tail 

32 porto = gatevvay, entranee; hepotis = of the liver 
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Figure 24.17 Gross Anatomy of the Liver. 



TABLE 24.2 Functions of the Liver 


Digestion Synthesizes bile aeids and leeithin, which emulsify fat and promote its digestion. 


Carbohydrate metabolism Converts dietary fructose and galaetose to glucose. Stabilizes blood glucose eoneentration by storing excess 

glucose as glyeogen (glyeogenesis), releasing glucose from glyeogen when needed (glyeogenolysis), and 
synthesizing glucose from fats and amino aeids (gluconeogenesis) when glucose demand exceeds glyeogen 
reserves. Reeeives laetie aeid generated by anaerobie fermentation in skeletal muscle and othertissues and eonverts 
it to pymvie aeid or glucose 6-phosphate for storage or energy-releasing metabolism. 


Lipid metabolism 


Protein and amino aeid 
metabolism 

Vitamin and mineral 
metabolism 

Synthesis of plasma 
proteins 

Disposal of drugs, toxins, 
and hormones 

eieansing of blood 


Degrades ehylomieron remnants. Carries out most of the body’s fat synthesis (lipogenesis) and synthesizes 
eholesterol and phospholipids. Produces very-low-density lipoproteins (VLDLs) to transport lipids to adipose tissue 
and other tissues for storage or use, and stores fat in its own eells. Carries out most fatty aeid oxidation. Produces 
protein shells of high-density lipoproteins (HDLs), which piek up excess eholesterol from other tissues and return it 
to the liver; liver excretes the excess eholesterol in bile. 

Metabolizes amino aeids; removes their —NH 2 and eonverts the resulting ammonia to ureo, the major nitrogenous 
waste in the urine. Synthesizes some amino aeids. 

Converts vitamin D 3 to ealeidiol, a step in the synthesis of the hormone ealeitriol; stores a 3- to 4-month supply of 
vitamin D. Stores a 10-month supply of vitamin A and enough vitamin B 12 to last one to several years. Stores iron in 
ferritin and releases it as needed. Excretes excess calcium by way of the bile. 

Synthesizes nearly all the proteins of blood plasma, including albumin, alpha and beta globulins, fibrinogen, prothrombin, 
and several other elotting faetors. (Does not synthesize plasma enzymes, peptide hormones, or gamma globulins.) 

Detoxifies aleohol, antibioties, and many other drugs. Metabolizes bilirubin from RBC breakdown and excretes it 
as bile pigments. Deaetivates thyroxine and steroid hormones and excretes them or eonverts them to a form more 
easily excreted by the kidneys. 

Hepatie maerophages eleanse the blood of baeteria and otherforeign matter. 
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and baek eovers touch. The pages of the book would fan out around 
the spine somewhat like the plates of hepatoeytes fan out from the 
eentral vein of a liver lobule. 

Eaeh plate of hepatoeytes is an epithelium one or two eells 
thiek. The spaees between the plates are blood-filled ehannels ealled 


hepatie sinusoids. The sinusoids are lined by a fenestrated endothe- 
lium that separates the hepatoeytes from the blood eells, but allows 
blood plasma into the spaee between the hepatoeytes and endothe- 
lium. The hepatoeytes have a bmsh border of mierovilli that projeet 
into this spaee. After a meal, as blood from the intestines circulates 
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Figure 24.18 Mieroseopie Anatomy of the Liver. (a) Hepatie 
lobules and their relationship to the blood vessels and bile tributaries. 
(b) Histologieal seetion of the liver. (e) A hepatie sinusoid. 
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through the hepatie sinusoids, the hepatoeytes rapidly remove glu- 
eose, amino aeids, iron, vitamins, and other nutrients for metabolism 
or storage. They also remove and degrade hormones, toxins, bile 
pigments, and dmgs. Conversely, they seerete albumin, lipoproteins, 
elotting faetors, glucose, and other products into the blood. The sinu- 
soids also eontain phagoeytie eells ealled hepatie maerophages, 
which remove baeteria and debris from the blood. 

The hepatoeytes seerete bile into narrow ehannels, the bile 
canaliculi, between the eell plates within eaeh lobule. Bile passes 
from there into the small bile ductules between lobules. These 
ductules lead ultimately to the right and left hepatie ducts, which 
exit the inferior surface of the liver at the porta hepatis. 

The hepatie lobules are separated by a sparse eonneetive tissue 
stroma. In eross seetions, the stroma is espeeially visible in the trian- 
gular areas where three or more lobules meet. Here, there is often a 
hepatie triad of two blood vessels and a bile ductule. The blood ves- 
sels are small branehes of the hepatie arteries and hepatie portal vein. 

Circulation 

The liver reeeives blood from two sources: about 70% from the 
hepatie portal vein and 30% from the hepatie arteries. The hepatie 
portal vein reeeives blood from veins of the stomaeh, intestines, 
panereas, and spleen, and earries it into the hver at the porta hepatis; 
see the hepatie portal system in table 21.7 (p. 589). All nutrients 


absorbed by the small intestine reaeh the liver by this route except for 
lipids (transported in the lymphatie system). Arterial blood bound 
for the liver exits the aorta at the eeliae tmnk and follows the route 

shown in figure 21.23 (p. 585): eeliae tmnk-> eommon hepatie 

artery -hepatie artery proper ->- right and left hepatie 

arteries, which enter the liver at the porta. These arteries deliver 
oxygen and other materials to the liver. Branehes of the hepatie 
portal vein and hepatie arteries meet eaeh other in the spaees between 
the liver lobules and both drain into the liver simisoids. Henee, there 
is an unusual mixing of venous and arterial blood in the sinusoids. 
After proeessing by the hepatoeytes, the blood eolleets in the eentral 
vein at the eore of the lobule. Blood from the eentral veins ultimately 
eonverges in three hepatie veins that exit the superior surface of the 
liver and empty into the nearby inferior vena eava. 

The Gallbladder and Bile Passages 

Sinee the only digestive role of the liver is bile seeretion, we will 
further traee the flow of bile through organs assoeiated with the 
liver. The most conspicuous of these is the gallbladder, a pear- 
shaped sae on the underside of the liver that serves to store and eon- 
eentrate the bile (fig. 24.19). It is about 10 em long and internally 
lined by a highly folded mucosa with a simple columnar epithe- 
lium. Its head (fundus) usually projeets slightly beyond the inferior 
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Figure 24.19 Gross Anatomy of the Gallbladder, Panereas, and Bile Passages. The liver is omitted to show the gallbladder, which adheres to 
its inferior surface, and to show the hepatie ducts, which emerge from the liver tissue. AP R 
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DEEPER INSIGHT 



Gallstones (Cholelithiasis) 

Gollstones (biliory colculi) are hard masses in the gallbladder or 
bile ducts, usually eomposed of eholesterol, calcium earbonate, 
and bilirubin. Cholelithiosis , 33 the formation or presenee of gall- 
stones, is most eommon in obese women over the age of 40, but 
eertainly not limited to them. It ean result from excess eholesterol 
or a variety of other causes. The gallbladder may eontain several 
gallstones, some over 1 em in diameter. Gallstones ean cause 
excruciating pain when they obstruct the bile ducts or when the 
gallbladder or bile ducts eontraet. When they bloek the flow of 
bile into the duodenum, they cause jaundice (yellowing of the skin 
due to bile pigment accumulation), poor fat digestion, and impaired 
absorption of fat-soluble vitamins. Gallstones ean be removed by 
minimally invasive laparoseopie surgery. 


margin of the liver. Its neek (cervix) leads into the eystie duct, 
through which bile enters and leaves the gallbladder. 

When the two hepatie ducts leave the porta hepatis, they eon- 
verge almost immediately to form the eommon hepatie duct. This 
duct goes only a short distanee before joining the eystie duct; it 
then beeomes the bile duct, which deseends through the lesser 
omentum to the duodenum. The bile duct and main panereatie 
duct both approaeh the major duodenal papilla. Usually, just before 
emptying into the duodenum, the two ducts join eaeh other and 
form an expanded ehamber ealled the hepatopanereatie ampulla. 
A muscular hepatopanereatie sphineter regulates the release of 
bile and panereatie juice from the ampulla into the duodenum. 


The Panereas 

Most digestion is earried out by panereatie enzymes. The pan- 
ereas (fig. 24.19) is a spongy digestive gland posterior to the 
greater curvature of the stomaeh. It is about 15 em long and 
divided into a globose head eneireled on the right by the duo- 
denum; a midportion ealled the body; and a bhmt, tapered tail 
on the left near the spleen. It has a very thin eonneetive tissue 
capsule and a nodular surface. It is retroperitoneal; its anterior 
surface is eovered by parietal peritoneum, whereas its posterior 
surface eontaets the aorta, left kidney, left adrenal gland, and 
other viseera on the posterior body wall. 

The panereas is both an endoerine and exocrine gland. Its 
endoerine part is the panereatie islets, which seerete the hormones 
insulin and ghieagon (see p. 509). Islets are most eoneentrated in 
the panereatie tail. Ninety-nine pereent of the panereas is exocrine 
tissue, which seeretes enzymes and sodimn biearbonate. The exo- 
erine panereas is a compound tubuloacinar gland—that is, it has 
a system of branehing ducts whose finest branehes end in saes of 
seeretory eells, the aeini. The eells of the aeini exhibit a high den- 
sity of rough ER and zymogen graniiles, which are vesieles filled 
with seeretion (fig. 24.20). The smaller ducts eonverge on a main 


33 chole = bile, gall; lith = stone; /os/'s = medieal eondition 
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Figure 24.20 Mieroseopie Anatomy of the Panereas. (a) An acinus. 
(b) Histologieal seetion of the exocrine tissue and some of the eonneetive 
tissue stroma. 


panereatie duct, which runs lengthwise through the middle of 
the gland and joins the bile duct at the hepatopanereatie ampulla. 
Usually, there is a smaller aeeessory panereatie duct that branehes 
from the main panereatie duct and opens independently into the 
duodenum at the minor duodenal papilla, proximal to the major 
papilla. The aeeessory duct bypasses the hepatopanereatie sphine- 
ter and allows panereatie juice to be released into the duodenum 
even when bile is not. 

The panereas seeretes 1,200 to 1,500 mL of panereatie juice 
per day. This fluid is an alkaline mixture of water, sodium biear- 
bonate, other eleetrolytes, enzymes, and zymogens (table 24.3). 
Zymogens are inaetive precursors of enzymes that are aetivated 
after they are seereted. 


© McGraw-Hill Education/Dennis Strete, photographer 
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TABLE 24.3 

Exocrine Seeretions of the Panereas 

Seeretion 

Function 


Sodium biearbonate Neutralizes HCI 


Zymogens Converted to aetive digestive enzymes 

after seeretion 

Trypsinogen Beeomes trypsin, which digests protein 


Chymotrypsinogen Beeomes ehymotrypsin, which digests 

protein 

Procarboxypeptidase Beeomes carboxypeptidase, which 

hydrolyzes the terminal amino aeid from the 
carboxyl (—COOH) end of small peptides 


Enzymes 

Panereatie amylase 
Panereatie lipase 
Ribonuclease 
Deoxyribonuclease 


Digests stareh 
Digests fat 
Digests RNA 
Digests DNA 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

20. What does the liver contribute to digestion? List several of 

its nondigestive functions. 

21. Deseribe the structure of a hepatie lobule and the blood 

flow through a lobule. 

22. Deseribe the pathway that bile takes from a hepatoeyte 

that seeretes it to the point where it enters the duodenum. 

23. Deseribe the pathway taken by panereatie juice from a 

gland acinus to the duodenum. 

24. Explain why the panereas is eonsidered to be both an 

endoerine and an exocrine gland. How does the panereas 
contribute to digestion? 




Developmental and 
eiinìeal Perspeetives 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the prenatal development of the digestive 
traet, liver, and panereas; 

b. deseribe the structural and functional ehanges in the 
digestive system in old age; and 

e. define and deseribe some eommon disorders of the 
digestive system. 


Prenatal Development 

The digestive system is one of the earliest organ systems to appear 
in the embryonie stage of development. Shortly after the three- 
layered embryonie dise is formed at 2 weeks, it elongates in the 
cephalocaudal (head-to-tail) direetion. Endodermal poekets form 
at eaeh end that beeome the foregut and hindgut (fig. 24.21a). Ini- 
tially, there is a wide opening between the embryo and the yolk 
sae, but as the embryo continues to grow, the passage between 
them beeomes eonstrieted and a distinet tubular midgut appears. 
Temporarily, the midgut continues to communicate with the yolk 
sae through a narrow vitelline duct. In week 4, the anterior end of 
the digestive traet breaks through to form the mouth, and 3 weeks 
later, the posterior end breaks through to form the anus. 

Growth of the embryonie body segments ( somites) causes the 
lateral margins of the embryo to fold inward, ehanging the flat 
embryonie dise into a more eylindrieal body and separating the 
embryonie body eavity from the yolk sae. By week 5, the gut is 
an elongated tube suspended from the body wall by the posterior 
(dorsal) mesentery (fig. 24.2lb). Although the inner epithelial 
lining of the gut is endoderm, the tube is eovered by a layer of 
mesoderm that gives rise to all other tissue layers of the digestive 
traet: the lamina propria, submucosa, muscle layers, and serosa. 

At 4 weeks, the foregut exhibits a dilation that is the first sign 
of the future stomaeh (fig. 24.22). Further development of the 
digestive traet entails elongation, rotation, and differentiation of 
its regions into the esophagus, stomaeh, and small and large intes- 
tines. At 6 weeks, the body eavity is crowded by the rapidly grow- 
ing liver and the intestine is so long and crowded that a loop of it 
herniates into the umbilical eord. This loop normally withdraws 
baek into the enlarged body eavity in week 10, but in some tragie 
eases it fails to do so, resulting in severely deformed infants with 
part of the bowel outside the body ( omphaloeele 34 ). 

The liver appears in the middle of week 3 as a liver bud, a 
poeketlike outgrowth of the endodermal tube at the junction of the 
foregut and midgut. Its eonneetion to the gut narrows and beeomes 
the bile duct. A small outgrowth from the ventral side of the bile 
duct beeomes the gallbladder and eystie duct. By week 12, the liver 
seeretes bile into the gut, so the gut eontents beeome dark green. 
The liver produces blood eells throughout most of fetal develop- 
ment, but this function gradually subsides in the last 2 months. 

The panereas originates as two buds, a dorsal and ventral 
panereatie bud, around week 4. The ventral bud eventually rotates 
dorsally and merges with the dorsal bud. Panereatie islets appear in 
the third month and begin seereting insulin at 5 months. 

At birth, the digestive traet eontains dark, stieky feees ealled 
meconium, which is diseharged in the first few bowel movements 
of the neonate. 

The Aging Digestive System 

Like most other organ systems, the digestive system shows signifi- 
eant degenerative ehange (seneseenee) in old age. Less saliva is 
seereted in old age, making food less flavorful, swallowing more 


34 omphalo = navel, umbilicus; ee/e = swelling, herniation 
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Figure 24.21 Embryonie Development of the Digestive Traet. (a) Cephalocaudal (head-to-tail) folding from days 14 to 28 produces the foregut 
and hindgut. The eonneetion between the midgut and yolk sae grows progressively narrower. (b) Lateral folding over the same time period eneloses 
the tubular gut and reduces the yolk sae eonneetion to a narrow vitelline duct. The 28-day embryo in (b) is seetioned a little farther caudally than the 
28-day embryo in (a) to show a region of hindgut already fully enelosed within the peritoneal eavity. 


difficult, and the teeth more prone to earies. Many elderly people 
wear dentures because they have lost their teeth to earies and peri- 
odontal disease. The stratified squamous epithelium of the oral 
eavity and esophagus is thinner and more vulnerable to abrasion. 

The gastrie mucosa atrophies and seeretes less aeid and intrin- 
sie faetor. Aeid defieieney reduces the absorption of calcium, iron, 
zine, and folie aeid. The deelining level of intrinsie faetor reduces 
the absorption of vitamin B 12 . Sinee this vitamin is needed for 
hemopoiesis, the defieieney ean lead to anemia. 


Heartburn beeomes more eommon in old age as the weak- 
ening lower esophageal sphineter fails to prevent reflux into 
the esophagus. The most eommon digestive eomplaint of older 
people is eonstipation, which results from the reduced muscle 
tone and weaker peristalsis of the eolon. This seems to stem 
from a eombination of faetors: atrophy of the muscularis externa, 
reduced sensitivity to neurotransmitters, less fiber and water in 
the diet, and less exercise. The liver, gallbladder, and panereas 
show only slightly reduced function in old age. Any drop in liver 
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Figure 24.22 Lateral View of the 5-Week Embryo. The primordial 
stomaeh is present as a foregut dilation, and the liver and panereatie 
buds are present. The loop of midgut approaehing the vitelline duct 
herniates into the umbilical eord within the next week. 


fimetion, however, makes it harder to detoxify drugs and ean eon- 
tribute to overmedieation. 

Many older people eat less because of lower energy demand 
and appetite, because deelining sensory functions make food less 
appealing, and because reduced mobility makes it more difficult to 
shop and prepare meals. However, they need fewer ealories than 
younger people because they have lower basal metabolie rates 
and tend to be less physieally aetive. Protein, vitamin, and min- 
eral requirements remain essentially unchanged, although vita- 
min and mineral supplements may be needed to eompensate for 
reduced food intake and intestinal absorption. Malnutrition is eom- 
mon among older people and is an important faetor in anemia and 
reduced immunity. 


Digestive Disorders 

The digestive system is subject to a wide variety of disorders, 
several of which are deseribed in table 24.4. Disorders of motility 
include difficulty swallowing (dysphagia), gastroesophageal reflux 
disease (GERD), and pylorie obstmetion. Inflammatory diseases 


TABLE 24.4 Some Digestive System Diseases 


Acute panereatitis Severe panereatie inflammation, perhaps caused by trauma, leading to leakage of panereatie enzymes into 

parenehyma, where they digest tissue and cause inflammation and hemorrhage. 

Appendieitis Inflammation of the appendix, with swelling, pain, and a threat of gangrene, perforation, and peritonitis. 


Aseites Accumulation of serous fluid in the peritoneal eavity, often causing extreme distension of the abdomen. Most often 

caused by eirrhosis of the liver and frequently assoeiated with aleoholism. The diseased liver “weeps” fluid into the 
abdomen. 


Cirrhosis 35 of the liver 

Crohn 36 disease 
Diverticulitis 
Dysphagia 37 
Hiatal hernia 

Llleerative eolitis 


An irreversible inflammatory disease of the liver often caused by aleoholism. Gives the liver a “eobbly” appearanee 
and hard eonsisteney due to fibrosis and nodular regeneration of damaged tissue. Obstruction of bile ducts causes 
jaundice, and obstmetion of the circulation causes new vessels to grow and bypass the liver, leaving the liver subject 
to hypoxia, further neerosis, and failure. 

Inflammation of small and large intestines, similarto ulcerative eolitis in symptoms and hereditary predisposition. 
Produces granular lesions and fibrosis of intestine; diarrhea; and lower abdominal pain. 

Presenee of inflamed herniations (outpocketings, diverticula) ofthe eolon, assoeiated espeeially with low-fiber diets. 
Diverticula may rupture, leading to peritonitis. 

Difficulty swallowing. Can result from esophageal obstructions (tumors, eonstrietions) or impaired peristalsis (due to 
neuromuscular disorders). 

Protrusion of part of the stomaeh into the thoraeie eavity, where the negative thoraeie pressure may cause it to 
balloon. Often causes gastroesophageal reflux (espeeially when a person is supine). 

Chronic inflammation resulting in ulceration of the large intestine, espeeially the sigmoid eolon and rectum. Tends to 
be hereditary but exact causes are not well known. 


Disorders Deseribed Elsewhere 

Constipation 679 
Dental earies 661, 679 
Diarrhea 673 
Esophageal eaneer 663 
Gallstones 677 


Gastroesophageal reflux disease 663 
Gingivitis 661 
Hemorrhoids 671 
impaeted molars 661 
Megaeolon 452 


Mumps 662 
Omphaloeele 678 
Peptie ulcer 668 
Periodontal disease 661, 679 


35 cirrho = orange-yellovv; os/s = eondition 

36 Burrill B. Crohn (1884-1983), Ameriean gastroenterologist 

37 dys = bad, difficult, abnormal; phog = eating, svvallovving 
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include esophagitis, gastritis, appendieitis, eolitis, diverticulitis, 
panereatitis, hepatitis, and eirrhosis. Cancer ean occur in virtually 
every part of the digestive system: oral, esophageal, gastrie, eolon, 
reetal, hepatie, and panereatie. Colon and panereatie eaneer are 
among the leading causes of eaneer deaths in the United States. 

Digestive disorders ean be manifested in a variety of signs 
and symptoms: anorexia (loss of appetite), vomiting, eonstipation, 
diarrhea, abdominal pain, or gastrointestinal bleeding. Many of 
these are nonspeeifie; they do not by themselves identify a par- 
ticular digestive disorder. Gastrointestinal bleeding, for example, 
ean result from variees (varieose veins) in the digestive traet wall, 
intestinal polyps, GI inflammation, hemorrhoids, peptie ulcers, 
parasitie infeetions, or eaneer. Nausea is even less speeifie; it may 
result not only from nondigestive disorders but also from such 
causes as tumors in the abdomen or brainstem, trauma to the uro- 
genital organs, or inner-ear dysfunction. 

It was remarked earlier that the foregut, midgut, and hindgut 
are defined by differenees in arterial blood supply. This embry- 
onie division also extends to the nerve supply and to the pereep- 
tion of pain from the digestive traet. Gastrointestinal pain is often 


pereeived as if it was eoming from the abdominal wall (see referred 
pain, p. 465). Pain arising from the foregut is referred to the epi- 
gastrie region, midgut pain to the umbilical region, and hindgut 
pain to the hypogastrie region. 


Before Yoii Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

25. Explain why the foregut and hindgut appear in the embryo 

earlier than the midgiit. 

26. What aeeessory digestive gland arises as a single bud from 

the embryonie gut? What gland arises as a pair of buds that 
later merge? 

27. Explain why dental earies, eonstipation, and heartburn 

beeome more eommon as the digestive system ages. 

28. Explain why gastrointestinal bleeding and nausea provide 

only inconclusive evidenee for the existence and loeation 
of a digestive system disorder. 



Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

24.1 Digestive Proeesses and General 
Anatomy (p. 654) 

1. The essential function of the digestive 
system and the five stages in which it per- 
forms this hmetion 

2. The distinetion between the digestive traet 
and the aeeessory organs of this system, 
and the members of both eategories 

3. The tissue layers and sublayers of the wall 
of the digestive traet, and the histology and 
functional role of eaeh layer 

4. The eranial nerves that supply the diges- 
tive system; the parasympathetie and sym- 
pathetie innervation of the system; and the 
effeets of those two divisions on digestion 

5. The anatomieal eomponents of the enterie 
nervous system, and its role in digestion 

6. Components of the foregut, midgut, and 
hindgut, and the blood supply to eaeh 

7. The hepatie portal system and its relation- 
ship to the digestive system 

8. The relationships of the posterior and ante- 
rior mesenteries to the digestive system, to 
the peritoneum, and to the serosa; anatomy 


of the greater and lesser omentum and the 
mesoeolon 

9. The meaning of intraperitoneal and ret- 
roperitoneal organs, and which digestive 
organs are in eaeh elass 

24.2 The Mouth Through Esophagus (p. 658) 

1. The diverse functions of the mouth (oral 
eavity) 

2. All of the anatomieal boundaries and eon- 
tents of the oral eavity 

3. Anatomy and functions of the eheeks and 
lips 

4. Anatomy and hmetions of the tongue, and 
the distinetion between its intrinsie and 
extrinsic muscles 

5. The boundaries, structure, and function of 
the hard and soft palates; the palatoglossal 
and palatopharyngeal arehes and their rela- 
tionship with the palatine tonsils 

6. Names of the adult teeth (dentition); the 
tissues and anatomy of an individual tooth; 
and the relationship of the teeth to the alve- 
oli, periodontal ligaments, and gingivae 

7. The purposes served by mastieation 

8. The eomposition and functions of saliva 

9. The distinetion between intrinsie and 
extrinsic salivary glands; the names and 


loeations of the extrinsic salivary glands 
and the points at which their saliva is 
released into the oral eavity 

10. The duct system, aeini, and types of seere- 
tory eells in a salivary gland 

11. The neural eontrol of salivation 

12. The anatomieal regions and three eonstrie- 
tor rmiseles of the pharynx 

13. The points at which the esophagus begins 
and ends; its upper and lower sphineters 
and their purposes; and the histologieal 
structure of its wall 

14. The neural eontrol of swallowing 

24.3 The Stomaeh (p. 664) 

1. The loeation and orientation of the stom- 
aeh; its internal volume; and its functions 

2. The shape and anatomieal regions of the 
stomaeh; its relationship to the greater and 
lesser omentum; and the sphineters that 
regulate its entranee and exit 

3. Ways in which the stomaeh wall differs 
histologieally from the esophagus and 
other parts of the digestive traet 

4. Gastrie pits and their relationship with the 
glands of the mucosa 

5. The three types of glands in the gastrie 
mucosa; how they differ in loeation and 
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function; the five kinds of eells in these 
glands; and the seeretions of eaeh eell type 
and the functions of those seeretions 

6. How the stomaeh is proteeted from digest- 
ing itself 

24.4 The Small Intestine (p. 667) 

1. The essential functions of the small intes- 
tine; and how its exceptional length is 
related to its functions 

2. The anatomieal landmarks that define the 
beginning and end of the duodenum; its 
length; its relationship to the peritoneum; 
the structure of its wall; its relationship to 
the bile and panereatie ducts; and how its 
functions differ from other parts of the small 
intestine 

3. How the jejunum is defined relative to 
the other parts of the small intestine; its 
length; how its role differs from that of the 
duodenum and ileum; and how its role is 
related to its unique appearanee 

4. How the ileum is defined relative to 
the other parts of the small intestine; its 
length; how its role differs from that of the 
duodenum and jejunum; and how its role is 
related to its anatomy 

5. The structure of the ileoeeeal junction and 
valve, and functions of the valve 

6. How the circular folds, villi, and brush 
border contribute to the functional effi- 
eieney of the small intestine 

7. The structure of a villus; the eell types of 
its epithelium; the eontents of its eore; and 
how its blood eapillaries and laeteal differ 
in their roles in mitrient absorption 

8. The role of the brush border in eontaet 
digestion and nutrient absorption 

9. The structure and cellular eomposition of 
the intestinal erypts of the small intestine 


10. Features of the small intestine that serve to 
proteet it from stomaeh aeid and baeterial 
invasion 

24.5 The Large Intestine (p. 671) 

1. Functions of the large intestine 

2. The four regions of the large intestine, their 
defining landmarks, and their total length 

3. The loeation, structure, and functional sig- 
nifieanee of the appendix 

4. The four segments of the eolon and the 
anatomieal landmarks of the transition 
from one to another 

5. The extent, shape, and internal anatomy of 
the rectum and anal eanal 

6. The unusual musculature of the large intes- 
tine, including its taeniae eoli and internal 
and external anal sphineters 

7. The relationship of different parts of the large 
intestine to the peritoneum and mesoeolon, 
and the omental appendages of its serosa 

8. How the mucosa of the large intestine 
eompares and eontrasts with that of the 
small intestine 

24.6 Aeeessory Glands of Digestion (p. 673) 

1. The size, shape, loeation, and functions 
of the liver, and which of its functions 
contribute(s) to digestion 

2. The eomposition and functional signifi- 
eanee of bile 

3. The lobes and ligaments of the liver, and the 
loeations of the porta hepatis and gallbladder 

4. The structure of the hepatie lobules and 
simisoids; the relationship of the hepa- 
toeytes to the blood in the sinusoids; 
and the loeation and role of the hepatie 
maerophages 

5. The venous and arterial blood supplies to 
the liver; where the venous and arterial 


blood mix; and the route by which blood 
exits the liver 

6. Where bile is produced, and the route by 
which it is seereted from the liver 

7. The loeation, anatomy, and function of the 
gallbladder; and anatomy of the bile pas- 
sages that eonneet the liver, gallbladder, 
and duodenum 

8. The loeation, gross anatomy, histology, 
and both endoerine and exocrine (diges- 
tive) functions of the panereas 

9. The anatomieal relationships of the pan- 
ereatie ducts to the bile duct and duodenum 

10. Functions of the exocrine seeretions of the 
panereas 

24.7 Developmental and Clinical 
Perspeetives (p. 678) 

1. How the elongation and folding of the 
embryonie dise give rise to the foregut, 
hindgut, and finally the midgut 

2. How the development of the digestive traet 
explains why its mucosal epithelium is 
endodermal whereas the other tissue layers 
of its wall are mesodermal 

3. How the simple tubular embryonie gut 
transforms into a traet with regional dif- 
ferentiation into esophagus, stomaeh, and 
intestines 

4. How the liver and panereas arise from the 
embryonie gut 

5. How aging affeets salivation, the denti- 
tion, the gastrointestinal mucosa, intesti- 
nal motility, liver function, appetite, and 
nutrition 

6. Some eategories of digestive system disor- 
ders; examples in eaeh eategory; and some 
eommon signs and symptoms of gastroin- 
testinal disease 


Testing Your Reeall 

1. All of the following are retroperitoneal 
except 

a. the liver. 

b. the panereas. 
e. the duodenum. 

d. the aseending eolon. 

e. the deseending eolon. 

2. The faleiform ligament attaehes the_ 

to the abdominal wall. 

a. eolon 

b. liver 
e. spleen 

d. panereas 

e. stomaeh 


3. A brush border is found on the 

a. goblet eells. d. parietal eells. 

b. enteroeytes. e. ehief eells. 

e. enteroendoerine eells. 

4. The yolk sae is eonneeted to the embryonie 
_by way of the vitelline duct. 

a. liverbud d. midgut 

b. stalk e. hindgut 

e. foregut 

5. Laeteals absorb dietary 

a. proteins. d. vitamins. 

b. earbohydrates. e. lipids. 

e. enzymes. 


6. All of the following contribute to the absorp- 
tive surface area of the small intestine except 

a. its length. d. circular folds. 

b. the brnsh border. 

e. haustra. e. villi. 

7. Which of the following is a periodontal tissue? 

a. gingiva d. pulp 

b. enamel e. dentin 

e. cementum 

8. The_of the stomaeh most elosely 

resemble the_of the small intestine. 

a. gastrie pits, intestinal erypts 

b. pylorie glands, intestinal erypts 
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c. rugae, Peyer patehes 

d. parietal eells, goblet eells 

e. gastrie glands, duodenal glands 

9. Which of the following eells seerete diges- 
tive enzymes? 

a. ehief eells 

b. mucous neek eells 
e. parietal eells 

d. goblet eells 

e. enteroendoerine eells 

10. The tissue layer between the muscularis 
mucosae and muscularis externa of the 
digestive traet is 

a. the mucosa. 

b. the lamina propria. 


e. the submucosa. 

d. the serosa. 

e. the adventitia. 

11. The alimentary eanal has an extensive ner- 

vous network ealled the_. 

12. The passage of ehyme from the stomaeh 

into the duodenum is eontrolled by a mus- 
cular ring ealled the_. 

13. The_salivary gland is named for its 

loeation near the ear. 

14. The_is a complex of veins that earry 

blood from the stomaeh and intestines to 
the liver. 

15. Nervous stirmilation of gastrointesti- 
nal aetivity is mediated mainly through 


the parasympathetie fibers of the _ 

nerves. 

16. Hydroehlorie aeid is seereted by _ 

eells of the stomaeh. 

17. Hepatie maerophages occur in blood-filled 

spaees of the liver ealled_. 

18. The superior opening into the stomaeh is 

ealled the_. 

19. The root of a tooth is eovered with a ealei- 

fied tissue ealled_. 

20. Protmsions of the tongue surface, some of 

which bear taste buds, are ealled_. 

Answers in appendix A 


Building Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 

3. aliment- 

8. sigmo- 


following word elements, and give a term in 

4. retro- 

9. reeto- 


which it is used. 

5. bucco- 

10. hepato- 


1. gastro- 

2. entero- 

6. pyloro- 

7. mga- 


Answers in appendix A 


True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. The liver and panereas are retroperitoneal. 

2. A tooth is eomposed mostly of enamel. 

3. Hepatoeytes seerete bile into the hepatie 
sinusoids. 

4. The small intestine is much shorter in a liv- 
ing person than it is after death. 


5. Peristalsis is eontrolled by the myenterie 
nerve plexus. 

6. The pyloms is a gateway from the stomaeh 
to the duodenum. 

7. The greater omentum suspends the stom- 
aeh from the body wall. 

8. Salivary aeini ean be eomposed of mucous 
eells, serous eells, or both. 


9. In all parts of the digestive traet, the mus- 
cularis externa has two layers. 

10. The external anal sphineter is under volun- 
tary eontrol; the internal sphineter is not. 

Answers in appendix A 


Testing Your Comprehension 

1. People who suffer from GERD (see 
Deeper Insight 24.2) when they lie down 
often find their heartburn is worse when 
they lie on the right side than when they lie 
on the left. Give an anatomieal explanation 
for this effeet. 

2. Cystic fibrosis (CF) is eharaeterized by 
unusually thiek, stieky mucus that obstmets 
the respiratory traet and panereatie duct. 


Prediet the effeet of CF on digestion, nutri- 
tion, and growth in ehildhood. 

3. Explain why the small intestine would 
function poorly if it had the same type of 
mucosal epithelmm as the esophagus. 

4. News reports of patients (espeeially ehil- 
dren) in need of organ transplants often 
prompt people to eall and offer to donate 
one of their organs, such as a kidney, to 


save the patient’s life. If you worked in an 
organ donor program, what would you say 
to a well-meaning volunteer offering to 
donate a liver? 

5. What do you think is the functional sig- 
nifieanee of the Peyer patehes in the distal 
ileum? Why should they be eoneentrated 
here but not found in the duodenum or 
jejunum? 
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T o live is to metabolize, and metabolism unavoidably gen- 

erates a variety of waste products that are not merely 
unneeded by the body, but indeed toxic if they are allowed 
to accumulate. We rid the body of some of these wastes through 
the respiratory and digestive traets and the sweat glands, but 
the urinary system is the prineipal means of waste excretion. 
The kidneys are glands that separate metabolie wastes from the 
blood. The rest of the urinary system serves only for the trans- 
port, storage, and elimination of urine. 

The tasks of the kidneys go far beyond waste excretion, 
though. They also play indispensable roles in regulating blood 
volume and pressure, erythroeyte count, blood gases, blood 
pH, and eleetrolyte and aeid-base balanee. In performing these 
tasks, they have a very elose physiologieal relationship with the 
endoerine, circulatory, and respiratory systems. 

Anatomieally, however, the urinary system is elosely assoei- 
ated with the reproductive system. In many animals the eggs 
and sperm are emitted through the urinary traet, and the two sys- 
tems share some aspeets of their evolutionary history, embryonie 
development, and adult anatomy. This is refleeted in humans, 
where the systems develop together in the embryo and, in the 
male, the urethra continues to serve as a passage for both urine 
and sperm. Thus, the urinary and reproductive systems are often 
eolleetively ealled the urogenitol (U-G) system, and urologists 


treat both urinary and reproductive disorders. Because of their 
anatomieal and developmental relationship, we eonsider the uri- 
nary and reproductive systems in these last two ehapters. 



Functions of the 


Llrinary System apir 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. name and loeate the organs of the urinary system; 

b. list several functions of the kidneys in addition to urine 
formation; 

e. define excretion; and 

d. identify the major nitrogenous waste excreted by the 
kidneys. 

— 


The urinary system serves primarily to eleanse the blood of met- 
abolie wastes and eliminate them in the urine. It eonsists of six 
prineipal organs: two kidneys, two ureters, the urinary bladder, 
and the urethra. Figure 25.1 shows these organs in anterior and 



(a) Anterior view 


Diaphragm 


11 th and 12th ribs 


Adrenal gland 


Renal artery 


Renal vein 


— Kidney — 

Vertebra L2 


Aorta 


Inferior vena eava 


Llreter 


Llrinary bladder 


Llrethra 



(b) Posterior view 


Figure 25.1 The Llrinary System. Organs of the urinary system are indieated in boldfaee. 

• On yourselfor onother person, polpote the loeotion ofthe kidneys. Whot londmork eon be used to loeote them? APiR 
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posterior views. The urinary traet has espeeially important rela- 
tionships with the uterus and vagina in females and the prostate 
gland in males. These relationships are best appreeiated from the 
sagittal views in figures 26.1 (male) and 26.10 (female) (pp. 706 
and 716). Most of the focus of the present ehapter is on the 
kidneys. 

Although the primary function of this system is excretion, the 
kidneys play more roles than are eommonly realized: 


They filter blood plasma and excrete the toxic metabolie 
wastes. 

They regulate blood volume, pressure, and osmolarity by 
regulating water output. 

They regulate the eleetrolyte and aeid-base balanee of the 
body fluids. 

They seerete the hormone erythropoietin, which stimulates 
the production of red blood eells and thus supports the 
oxygen-carrying eapaeity of the blood. 

They contribute to calcium homeostasis and bone metabolism 
by performing a step in the synthesis of the hormone 
ealeitriol (vitamin D). 

They elear hormones and dmgs from the blood and thereby 
limit their aetion. 

They detoxify free radieals. 

In eonditions of extreme starvation, they help to support 
blood glucose level by synthesizing glucose from amino aeids 
(a proeess ealled gluconeogenesis). 


Excretion, the most obvious function of the urinary system, 
is the proeess of extracting wastes from the body fluids and elim- 
inating them, thus preventing metabolie poisoning of the body. 
Among other things, the kidneys excrete nitrogen-eontaining 
molecules ealled nitrogenous wastes. The most abundant of 
these is urea, a product of protein metabolism. If the kidneys 
do not function adequately, one develops a eondition ealled 
azotemia * 1 2 (AZ-oh-TEE-me-uh), in which the urea eoneentration 
in the blood (blood urea nitrogen, BUN) is abnormally high. In 
severe renal failure, azotemia progresses to uremia (you-REE- 
me-uh), a syndrome of diarrhea, vomiting, dyspnea (labored 
breathing), and eardiae arrhythmia. Convulsions, eoma, and 
death ean follow within a few days, underscoring the importanee 
of adequate renal function. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. State at least foiir kidney fiinetions other than forming urine. 

2. What is the most abundant nitrogenous waste in the urine? 

What terms deseribe an abnormally high level of this waste 
in the blood, and poisoning by this waste? 



Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the loeation and general appearanee of the 
kidney, and its relationship to neighboring organs; 

b. identify the major external and internal features of the 
kidney; 

e. traee the flow of blood through the kidney; 

d. deseribe the nerve supply to the kidney; 

e. traee the flow of fluid through the renal tubules; and 

f. state the function of eaeh segment of a renal tubule. 


Position and Assoeiated Structures 

The kidneys lie against the posterior abdominal wall at the level of 
vertebrae T12 to L3. Rib 12 erosses the approximate middle of the 
left kidney. The right kidney is slightly lower than the left because 
of the spaee occupied by the large right lobe of the liver above it. 
The kidneys are retroperitoneal, along with the ureters, urinary 

r\ ^ 

bladder, renal artery and vein, and the adrenal glands (fig. 25.2). 
The left adrenal gland rests on the superior pole of that kidney, and 
the right adrenal gland lies against the superomedial surface of its 
kidney. Their functions are not as direetly related to the kidneys as 
their spatial relationship might suggest, although the kidneys and 
adrenals do influence eaeh other. 


Gross Anatomy 

The kidney is a compound tubular gland eontaining about 1.2 mil- 
lion functional excretory units ealled nephrons 3 (NEF-rons). Eaeh 
kidney weighs about 150 g and measures about 11 em long, 6 em 
wide, and 3 em thiek—about the size of a bar of bath soap. The 
lateral surface is convex, whereas the medial surface is eoneave 
and has a slit, the hilum, where it reeeives the renal nerves, blood 
vessels, lymphaties, and ureter. 

The kidney is proteeted by three layers of eonneetive tissue 
(fig. 25.2): (1) A fibrous renal faseia, immediately deep to the 
parietal peritoneum, binds the kidney and assoeiated organs to the 
abdominal wall. (2) The perirenal fat capsule, a layer of adipose 
tissue, cushions the kidney and holds it in plaee. (3) The fibrous 
capsule eneloses the kidney like a eellophane wrapper anehored at 
the hilum, and proteets it from trauma and infeetion. The kidneys 
are suspended by eollagen fibers that extend from the fibrous eap- 
sule, through the fat, to the renal faseia. The renal faseia is fused 
with the peritoneum anteriorly and with the faseia of the lumbar 
muscles posteriorly. In spite of all this, the kidneys drop about 
3 em when one goes from lying down to standing, as when get- 
ting out of bed in the morning. Under some circumstances, they 
beeome detaehed and drift even lower, with pathologieal results 
(see nephroptosis, or “floating kidney,” in table 25.1, p. 700). 


^ozot = nitrogen; emio = blood eondition 


2 od = to, tovvard, near; ren = kidney; ol = pertaining to 
3 nephro = kidney 
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Figure 25.2 Loeation ofthe Kidney. Cross seetion ofthe abdomen atthe level ofvertebra L1, shovving the relationship ofthe kidney tothe 
body vvall and peritoneum. 

• Ifthe kidney were not retroperitoneol , where on this figure would you hove to reloeote it? 


The renal parenehyma—the glandular tissue that produces the 
urine—appears C-shaped in frontal seetion. It eneireles a medial 
eavity, the renal sinus, occupied by blood and lymphatie vessels, 
nerves, and urine-collecting structures. Adipose tissue fills the 
remaining spaee in the sinus and holds these structures in plaee. 

The parenehyma is divided into two zones: an outer renal 
cortex about 1 em thiek and an inner renal medulla faeing the 
sinus (fig. 25.3). Extensions of the cortex ealled renal columns 
projeet toward the sinus and divide the medulla into 6 to 10 renal 
pyramids. Eaeh pyramid is eonieal, with a broad base faeing the 
cortex and a blunt point ealled the renal papilla faeing the sinus. 
One pyramid and the overlying cortex constitute one lobe of the 
kidney. 

The papilla of eaeh renal pyramid is nestled in a cup ealled 
a minor calyx 4 (CAY-lix), which eolleets its urine. Two or three 
minor ealyees (CAY-lih-seez) eonverge to form a major calyx, 
and two or three major ealyees eonverge in the sinus to form the 
funnel-like renal pelvis . 5 The ureter is a tubular continuation of 
the renal pelvis that drains the urine down to the urinary bladder. 

Renal Circulation 

Although the kidneys account for only 0.4% of the body weight, 
they reeeive about 1.2 liters of blood per minute, or 21% of the 
eardiae output (the renal fraetion )—more for the purpose of waste 
removal than to meet the metabolie needs of the kidney tissue. 


4 calyx = cup 

5 pe/v = basin 


This is a hint of how important the kidneys are in regulating blood 
volume and eomposition. 

The larger divisions of the renal circulation are shown in 
figure 25.4 Eaeh kidney is supplied by a renal artery arising from the 
aorta. Just before or after entering the hilum, the renal artery divides 
into a few segmental arteries, and eaeh of these gives rise to a few 
interlobar arteries. An interlobar artery penetrates eaeh renal column 
and travels between the pyramids toward the corticomedullary junc- 
tion, the boundary between the cortex and medulla. Along the way, it 
branehes again to form arcuate arteries, which make a sharp 90° bend 
and travel along the base of the pyramid. Eaeh arcuate artery gives rise 
to several eortieal radiate arteries, which pass upward into the cortex. 

The finer branehes of the circulation are shown in figure 25.5. 
As a eortieal radiate artery aseends through the cortex, a series 
of afferent arterioles arise from it at nearly right angles like the 
limbs of a pine tree. Eaeh afferent arteriole supplies one nephron. 
It leads to a spheroidal mass of eapillaries ealled a glomerulus 6 
(glo-MERR-you-lus), enelosed in a nephron structure ealled the 
glomemlar capsule, to be discussed later. The glomerulus is 
drained by an efferent arteriole. The efferent arteriole usually 
leads to a plexus of peritubular eapillaries, named for the faet 
that they form a network around the tubules of the nephron. These 
eapillaries piek up the water and solutes reabsorbed by the tubules. 

From the peritubular eapillaries, blood flows to eortieal 
radiate veins, arcuate veins, interlobar veins, and the renal 
vein, in that order. These veins travel parallel to the arteries of the 


6 glomer = ball; uius = little 
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Figure 25.4 Renal Circulation. (a) The larger blood vessels of the kidney. (b) Flow ehart of renal circulation. The pathway through the vasa reeta 
(instead of peritubular eapillaries) applies only to the juxtamedullary nephrons. 

• /s the kidney in this figure shovvn from on onterior or posterior view? How eon you tell? 
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Figure 25.5 Renal Microcirculation. 

For elarity, the vasa reeta are shown only on 
the left and peritubular eapillaries only on 
the right. In the juxtamedullary nephron 
(left), the efferent arteriole gives rise to the 
vasa reeta of the medulla. In the eortieal 
nephron (right), the nephron loop barely 
dips into the medulla, and the efferent 
arteriole gives rise to peritubular eapillaries. 
(DCT = distal convoluted tubule; PCT = 
proximal convoluted tubule) 


same names. (There are, however, no segmental veins eorrespond- 
ing to the segmental arteries.) The renal vein leaves the hilum and 
drains into the inferior vena eava. 

The renal medulla reeeives only 1% to 2% of the total renal 
blood flow, supplied by a network of vessels ealled the vasa 
reeta . 7 These arise from the nephrons in the deep cortex, elosest 
to the medulla (juxtamedullary nephrons). Here, the efferent arte- 
rioles deseend immediately into the medulla and give off the vasa 
reeta instead of peritubular eapillaries. Capillaries of the vasa reeta 
lead into venules that aseend and empty into the arcuate and eorti- 
eal radiate veins. The eapillaries are wedged into the tight spaees 
between the medullary parts of the renal tubule, and earry away 
water and solutes reabsorbed by those seetions of the tubule. 
Figure 25.4b summarizes the route of renal blood flow. 


Apply What You Know 

Can you identify a portal system in the renal circulation? 


7 vasa = vessels; reeta = straight 


Renal Innervation 

Wrapped around eaeh renal artery is a renal plexus of nerves and 
ganglia (see fig. 16.6, p. 449). The plexus follows branehes of 
the renal artery into the kidney, issuing nerve fibers to the blood 
vessels and convoluted tubules of the nephrons. The renal plexus 
includes both sympathetie and parasympathetie innervation, as 
well as afferent pain fibers from the kidneys en route to the spi- 
nal eord. The sympathetie nerves arise from the abdominal aortie 
plexus (espeeially its superior mesenterie and eeliae ganglia). They 
eontrol renal blood flow and the rate of urine production; when 
blood pressure falls, they stimulate the kidneys to seerete renin, an 
enzyme that aetivates hormonal meehanisms for restoring blood 
pressure. The parasympathetie innervation arises from the vagus 
nerves. Its function in the kidneys is unknown. 


The Nephron apir 


A nephron (fig. 25.6) eonsists of two prineipal parts: a renal eor- 
puscle, which filters the blood plasma, and a long renal tubule, 
which eonverts the filtrate to urine. 
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Figure 25.6 Mieroseopie Anatomy of the Nephron. (a) Loeation of the nephrons in one wedge-shaped lobe of the kidney. (b) Structure of 
a nephron. The nephron is stretehed out to separate the convoluted tubules and is greatly shortened for the purpose of illustration. (e) The true 
proportions of the nephron loops relative to the convoluted tubules. Three nephrons are shown. Their proximal and distal convoluted tubules are 
eommingled in a single mass in eaeh nephron. Note the extreme lengths of the nephron loops. A PI R 
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Before we embark on the mieroseopie anatomy of the nephron, 
it will be helpful to have a broad overview of the proeess of urine 
production. This knowledge will lend functional meaning to the 
structural details. The kidney eonverts blood plasma to urine in 
four stages (fig. 25.7): 



Glomerular filtration is the passage of fluid from the 
bloodstream into the nephron, earrying not only wastes but 
also ehemieals useful to the body. The fluid filtered from the 
blood is ealled glomemlar filtrate. In eontrast to the blood, 
it is free of eells and very low in protein. After it passes into 
the renal tubule, its eomposition is quickly modified by the 
following proeesses, and we eall it tubularfluid. 

Tubular reabsorption, in which useful substances such as 
glucose are reabsorbed from the tubular fluid and returned 
to the blood. 



3 J Tubular seeretion, in which tubule eells extract blood- 
borne substances such as hydrogen ions and some dmgs 
from the peritubular eapillaries and add them to the tubular 
fluid, to be eliminated in the urine. 



Water eonservation, aehieved by reabsorbing variable 
amounts of water from the fluid so the body ean eliminate 
metabolie wastes without losing excess water. If water 



Blood flow 


(?) Glomemlar filtration 
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Figure 25.7 BasieSteps 

in the Formation of Urine. 

Steps 2 and 3 occur 

simultaneously. APIR 
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reabsorption did not occur, a typieal adult hypothetieally 
would produce 180 liters of urine per day—although in 
reality, this would be an impossible feat eonsidering that 
we have only about 5 liters of blood and about 40 liters of 
total body water. Usually, the kidneys excrete urine that is 
hypertonie to the blood plasma—that is, it has a higher 
ratio of waste solutes to water than the plasma does. Water 
reabsorption occurs in all parts of the renal tubule, but is 
the final ehange occurring in the urine as it passes through 
the eolleeting duct. The fluid is regarded as urine onee it 
has entered this duct. 


We ean now examine the individual segments of the nephron, 
their contribution to the foregoing proeesses, and how their struc- 
tures are adapted to their individual roles. 


The Renal Corpuscle 

The renal corpuscle (fig. 25.8) eonsists of the glomerulus and, 
enelosing it, a two-layered glomerular capsule. The inner, or vis- 
eeral, layer of the glomemlar capsule eonsists of elaborate eells 
ealled podoeytes wrapped around the eapillaries. The parietal 
(outer) layer is a simple squamous epithelium. The two layers are 
separated by a filtrate-eolleeting capsular spaee. In tissue see- 
tions, the capsular spaee appears as an empty circular or C-shaped 
spaee around the glomerulus. 

Opposite sides of the renal corpuscle are ealled the vascular 
pole and urinary pole. At the vascular pole, the afferent arteriole 
enters the capsule, bringing blood to the glomerulus; elose beside 
it, the efferent arteriole exits the capsule and earries blood away. 
The afferent arteriole is conspicuously larger than the efferent 
arteriole; that is, the glomerulus has a large inlet and small outlet. 
This gives its eapillaries an unusually high blood pressure, which 
is the driving foree of glomemlar filtration. At the urinary pole, 
the parietal wall of the capsule turns away from the corpuscle and 
gives rise to the renal tubule. The simple squamous epithelium of 
the capsule beeomes simple cuboidal in the renal tubule. 

A podoeyte 8 is shaped somewhat like an octopus, with a 
bulbous eell body and several thiek arms (fig. 25.9). Eaeh arm 
has numerous little extensions ealled foot proeesses (pedieels 9 ) 
that wrap around the glomemlar blood eapillaries and interdigitate 
with eaeh other, like wrapping your hands around a pipe and laeing 
your fingers together. The foot proeesses have narrow filtration 
slits between them. 

The job of the renal corpuscle is glomemlar filtration: Blood 
eells and plasma proteins are retained in the bloodstream because 
they are too large to pass through the barriers deseribed shortly. 
Water, however, freely passes through and earries along small 
solute partieles such as urea, glucose, amino aeids, and eleetro- 
lytes. The high blood pressure in the glomerulus drives the water 
and small solutes out through the eapillary walls, into the capsular 
spaee. Pressure in the capsular spaee drives the filtrate into the 
renal tubule and ultimately all the way to the ealyees and renal 
pelvis. 


8 podo = foot; eyte = ee 

9 pedi = foot; eel = little 
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Figure 25.8 The Renal Corpuscle. (a) Anatomy of the corpuscle. (b) Light mierograph of the renal corpuscle and seetions of the surrounding renal 


tubule. 


APIR 


Anything leaving the bloodstream must pass through a barrier 
ealled the fíltration membrane, eomposed of three layers (fig. 25.9c): 


DEEPER INSIGHT 



1 . Capillary endothelium. Glomemlar eapillaries have a 
fenestrated endothelium (see fig. 21.6, p. 569) honeyeombed 
with large filtration pores about 70 to 90 nm in diameter. They 
are much more permeable than eapillaries elsewhere, although 
the filtration pores are small enough to hold baek blood eells. 

2. Basement membrane. This is a layer of proteoglyean gel 
(a protein-earbohydrate complex) beneath the endothelial 
eells. For large molecules to pass through it is like trying 
to pass sand through a kitehen sponge. A few partieles 
may penetrate its small spaees, but most are held baek. On 
the basis of size alone, the basement membrane excludes 
any molecules larger than 8 nm. Some smaller molecules, 
however, are also held baek by a negative eleetrieal eharge 
on the proteoglyeans. Blood albumin is slightly less than 7 
nm in diameter, but it is also negatively eharged and thus 
repelled by the basement membrane. Therefore, the protein 
eoneentration is about 7% in the blood plasma but only 0.03% 
in the glomemlar filtrate. The filtrate also eontains traees of 
some polypeptide hormones. 

3. Filtration slits. The slits between the podoeyte foot proeesses 
are about 30 nm wide and are also negatively eharged. This 
eharge is a final barrier to large anions such as proteins. 

Almost any molecule smaller than 3 nm passes freely through the 
filtration membrane. This includes water, eleetrolytes, glucose, fatty 
aeids, amino aeids, nitrogenous wastes, and vitamins. Such substances 
have about the same eoneentration in the filtrate as in the blood 
plasma. Some substances of low molecular weight are retained in the 
bloodstream because they are bound to plasma proteins that eannot get 
through the membrane. For example, most calcium, iron, and thyroid 
hormone in the blood are bound to plasma proteins that retard their 
filtration by the kidneys. The small fraetion that is unbound, however, 
passes freely through the membrane and appears in the urine. 


Blood and Protein in the Urine 

Llrinalysis, one of the most routine procedures performed upon 
patientadmission and in routine medieal examinations, is an analysis 
of the physieal and ehemieal properties of the urine. It includes tests 
for blood and protein, both of which are normally laeking from urine. 
Damage to the filtration membrane, however, ean result in blood 
or protein in the urine, ealled hematuria^° and proteinurìa (albumin- 
uria), respeetively. These ean be signs of kidney infeetions, trauma, 
and other kidney diseases (see table 25.1 at the end of the ehapter). 
They ean be temporary eonditions of little eoneern, or they ean be 
ehronie and gravely serious. Long-distanee runners and swimmers 
often show temporary proteinuria and hematuria. Strenuous exer- 
eise reduces renal circulation as blood shifts to the muscles. With a 
reduced blood flow, the glomemli deteriorate and leak protein and 
sometimes blood eells into the filtrate. 


The Renal Tubule 

The renal tubule is a duct that leads away from the glomemlar 
capsule and ends at the tip of a medullary pyramid. It is about 3 
em long and divided into four major regions: the proximal eonvo- 
luted tubule, nephron loop, distal convoluted tubule, and eolleeting 
duct (see fig. 25.6). Only the first three of these are parts of an 
individual nephron; the eolleeting duct reeeives fluid from many 
nephrons. Eaeh region of the renal tubule has unique physiologieal 
properties and roles in the production of urine. 

The proximal convoluted tubule (PCT) arises from the 
glomemlar capsule. It is the longest and most eoiled of the four 
regions and thus dominates histologieal seetions of renal eor- 
tex. The PCT has a simple cuboidal epithelium with prominent 


w hemat = blood; uria = urine eondition 
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Figure 25.9 Structure of the Glomerulus. (a) A polymer east of the glomerulus and nearby arteries (SEM). Note thatthe efferent arteriole is much 
narrower than the afferent arteriole, which causes blood pressure in the glomerulus to be unusually high. (b) Blood eapillaries of the glomerulus elosely 
wrapped in the spidery podoeytes that form the viseeral layer of the glomerular capsule (SEM). (e) A blood eapillary and podoeyte showing filtration 
pores of the eapillary and filtration slits of the podoeyte (TEM). (d) The production of glomemlar filtrate by the passage of fluid through the endothelium 
and filtration slits. 

• Wh\ch is lorger, the efferent orteriole or offerent orteriole? How does this offeet the function ofthe glomerulus? 


mierovilli (a brnsh border), which attests to the great deal of 
absorption that occurs here. The mierovilli give the epithelium a 
distinetively shaggy look in tissue seetions. 

The PCT earries out both tubular reabsorption and seere- 
tion. It reabsorbs about 65% of the glomemlar filtrate, and 
consumes about 6% of one’s daily ATP expenditure in doing 
so. On the surface faeing the tubular fluid, the epithelial eells 
have a variety of membrane transport proteins that earry sol- 
utes into the eells by aetive transport and faeilitated diffusion. 
These solutes and water pass through the eell eytoplasm (the 


transcellular u route) and either diffuse out or are aetively 
pumped out the basal and lateral eell surfaces, adjaeent to peri- 
tubular blood eapillaries waiting to reeeive them. Water and 
solutes also take a paracellular route between the epithelial 
eells. Even though the eells are joined by tight junctions, these 
are quite leaky and allow a substantial amount of fluid to pass 
through. 


^trans = aeross 
u para = next to 
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Among the solutes reabsorbed by the PCT are sodium, potas- 
sium, magnesium, phosphate, ehloride, biearbonate, glucose, amino 
aeids, laetate, protein, smaller peptides, amino aeids, urea, and uric 
aeid. Water follows by osmosis. 

By tubular seeretion, the PCT extracts many solutes from the 
blood and adds them to the tubular fluid: hydrogen and biearbonate 
ions, ammonia, urea, uric aeid, ereatinine, bile aeids, pollutants, and 
some dmgs (aspirin, penieillin, and morphine, for example). Notiee 
that urea and uric aeid go both ways between the blood and tubular 
fluid, transported by both tubular reabsorption and tubular seeretion. 
The kidneys do not eompletely eleanse the blood of these wastes; 
indeed, they remove only about half of the urea, but this is sufficient 
to keep the blood urea eoneentration down to a safe level. 


Apply What You Know 

The proximal convoluted tubule exhibits some of the same 
structural adaptations as the small intestine, and for the same 
reason. Discuss what they have in eommon, and the reason for it. 


The nephron loop (loop of Henle 13 ) is a long U-shaped por- 
tion of the renal tubule found mostly in the medulla. It begins 
where the PCT straightens out and dips toward or into the medulla, 
forming the deseending limb of the loop. At its deep end, the loop 
turns 180° and forms the aseending limb, which returns to the 
cortex, traveling parallel and elose to the deseending limb (see 
fig. 25.6c). Some parts of the loop, ealled thiek segments, have a 
simple cuboidal epithelium, whereas the thin segment has a sim- 
ple squamous epithelium. The thiek segments engage in the aetive 
transport of salts through the tubule wall, so they have a high ATP 
requirement and are loaded with mitoehondria to supply it. This 
is why the eells are relatively thiek (cuboidal). The thin segment 
is not engaged in aetive transport but is relatively permeable to 
water. It does not need as much ATP or as many mitoehondria, 
which is why the eells are relatively thin (squamous). The thiek 
segments form the initial part of the deseending limb and part or 
all of the aseending limb. The thin segment forms the lower part 
of the deseending limb and in some nephrons, rounds the bend and 
continues partway up the aseending limb. 

The nephron loop reabsorbs about 25% of the sodium, potas- 
sium, and ehloride and 15% of the water that was in the glo- 
memlar filtrate. Its primary function, however, is to maintain a 
gradient of osmolarity in the renal medulla. It does this by pump- 
ing Na + , K + , and Cl“ from the aseending limb into the medullary 
tissue fluid. At the corticomedullary junction, the tissue fluid is 
isotonie with the blood plasma (300 milliosmoles/liter), but deep 
in the medulla, it is four times as eoneentrated. The signifieanee 
of this is explained later. 

The nephron loops are not identieal in all nephrons. Neph- 
rons just beneath the renal capsule, elose to the kidney surface, 
are ealled eortieal nephrons. They have relatively short nephron 
loops that dip only slightly into the outer medulla before turning 
baek (see fig. 25.6), or turn baek even before leaving the cortex. 


13 Friedrich G. J. Henle (1809-85), German anatomist 
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The Kidney and Life on Dry Land 

Physiologists first suspected that the nephron loop plays a role 
in water eonservation because of their studies of a variety of ani- 
mal speeies. Animals that must eonserve water have longer, more 
numerous nephron loops than animals with little need to eonserve 
it. Fish and amphibians laek nephron loops and produce urine that 
is isotonie to their blood plasma. Aquatic mammals such as beavers 
have short nephron loops and only slightly hypertonie urine. 

But the kangaroo rat, a desert rodent, provides an instructive 
eontrast. It lives on seeds and other dry foods and ean live without 
drinking any water at all. The water produced by its aerobie respira- 
tion is enough to meet its needs because its kidneys are extraordi- 
narily effìeient at eonserving it. They have extremely long nephron 
loops and produce urine that is 10 to 14 times as eoneentrated as their 
blood plasma (eompared with about 4 times, at most, in humans). 

Comparative studies thus suggested a hypothesis for the func- 
tion of the nephron loop that was eonfirmed through a long line of 
ensuing researeh. This shows how eomparative anatomy provides 
suggestions and insights into function and why physiologists do 
not study human function in isolation from other speeies. 


Some eortieal nephrons have no nephron loops at all. Nephrons 
elose to the medulla are ealled juxtamedullary 14 nephrons. They 
have very long nephron loops that extend nearly to the apex of 
the renal pyramid. Only 15% of the nephrons are juxtamedullary, 
but these are almost solely responsible for maintaining the osmotie 
gradient of the medulla. 

Immediately after reentering the renal cortex, the aseending 
limb of the nephron loop eontaets the afferent and efferent arterioles 
at the vascular pole of the renal corpuscle. The two arterioles and the 
end of the nephron loop form the juxtaglomerular (JUX-tuh-glo- 
MER-you-lur) apparatus —a deviee for monitoring the fluid enter- 
ing the distal convoluted tubule and adjusting the performanee of 
the nephron (fig. 25.10). Three speeialized eell types are found here: 

1. The macula densa 15 is a pateh of slender, elosely spaeed 
epithelial eells at the end of the loop on the side faeing the 
afferent arteriole. These eells apparently aet as sensors that 
monitor the flow or eomposition of the tubular fluid and 
eomrmmieate with the eells deseribed next. 

2. Granular (juxtaglomerular) eells are enlarged smooth 
muscle eells in the afferent arteriole and to some extent in 
the efferent arteriole, direetly aeross from the macula densa. 
When stimulated by the macula, they dilate or eonstriet the 
arterioles. Granular eells also seerete renin, an enzyme that 
triggers eorreetive ehanges in blood pressure. 

3. Mesangial 16 (mez-AN-jee-ul) eells occupy the eleft between 
the afferent and efferent arterioles and the spaees between the 
eapillaries of the glomerulus. They are eonneeted to the macula 


n juxta = next to 

]5 macula = spot, pateh; densa = dense 
16 mes = in the middle; angi = vessels 
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Figure 25.10 The 

Juxtaglomerular Apparatus. 


Podoeytes 
Mesangial eells 

Efferent arteriole 


Sympathetie 
nerve fiber 


Granular 

eells 


Nephron 

loop 


Afferent arteriole 

Smooth muscle 
eells 

Macula densa 


densa and granular eells by gap junctions and communicate 
with them by means of hormonelike seeretions. They also form 
a supportive matrix for the glomerulus, phagoeytize tissue 
debris, and eonstriet or relax the glomemlar eapillaries to 
regulate their blood flow and filtration rate. 

The distal convoluted tubule (DCT) is a eoiled part of the 
renal tubule loeated in the cortex and beginning immediately after 
the macula densa. It is the end of the nephron. The DCT is shorter 
and less convoluted than the PCT, so fewer seetions of it are seen 
in histologieal seetions. It has a simple cuboidal epithelium with 
smooth-surfaced eells nearly devoid of mierovilli. It absorbs vari- 
able amounts of sodium, calcium, ehloride, and water, and seeretes 
potassium and hydrogen into the tubular fluid. Unlike the PCT, 
which absorbs most solutes and water at a eonstant rate, the DCT 
reabsorbs these at variable rates determined by the hormone aldo- 
sterone, which regulates sodium and potassium excretion. Parathy- 
roid hormone aets on both the PCT and DCT to regulate calcium 
and phosphate excretion. 

The eolleeting duct is a straight tubule that passes down into the 
medulla. It is part of the renal tubule but not part of the nephron; the 
nephron and eolleeting duct have separate embryonie origins. The 
eortieal part of the eolleeting duct reeeives fluid from the DCTs of 
several nephrons. The duct then continues into the medulla, where 
the greater part of it lies. Near the renal papilla, several eolleeting 
ducts eonverge to form a larger, short streteh ealled the papillary 
duct. About 30 papillary ducts drain from eaeh papilla into a minor 
calyx. Onee the urine drains into a minor calyx, it undergoes no fur- 
ther ehange in eomposition or eoneentration. 

The eolleeting duct is lined with a simple cuboidal epithelium 
with two types of eells—interealated (“in between”) eells and prin- 
eipal eells. interealated eells play a role in regulating the body’s 
aeid-base balanee by seereting either H + or biearbonate ions 


(HC0 3 _ ) into the urine. Prineipal eells reabsorb Na + and water and 
seerete K + into the urine. They represent the kidney’s last ehanee to 
adjust the water eontent and thus the osmolarity of the urine. The 
prineipal eells also have water ehannels ealled aquaporins in their 
membranes. As the tubular fluid deseends through the eolleeting 
duct, water passes by osmosis through these ehannels, out of the 
tubule and into the inereasingly saline tissue fluid of the medulla. 
The osmotie gradient ereated by the nephron loop makes this 
reabsorption of water possible. The reabsorbed water is earried 
away by the blood eapillaries of the vasa reeta. 

The eolleeting duct is influenced by two hormones ealled 
natriuretic peptides, which inerease sodium excretion in the urine, 
and another ealled antidiuretic hormone, which promotes water 
retention and reduces urine volume. 

To summarize, the flow of fluid from the point where the glo- 
memlar filtrate is formed to the point where urine leaves the kidney is 

glomemlar capsule->- proximal convoluted tubule->- nephron 

loop ->- distal convoluted tubule ->■ eolleeting duct ->■ 

papillary duct ->■ minor calyx ->■ major calyx ->■ renal 

pelvis->- ureter. 

Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

3. Arrange the follovving in order from the most numerous to the 
least numerous structures in a kidney: glomemli, major ealy- 
ees, minor ealyees, eortieal radiate arteries, interlobar arteries. 

4. Traee the path taken by one red blood eell from the renal 
artery to the renal vein. 

5. Concisely state the functions of the glomerulus, PCT, neph- 
ron loop, DCT, and eolleeting duct. 

6. Deseribe the loeation and appearanee of podoeytes and 
explain their function. 

7. Consider one molecule of urea in the urine. Traee the route 
that it took from the bloodstream to the point vvhere it left 
the kidney. 



The Llreters, 

Urinary Bladder, 
and Urethra 

Expected Learnìng Outcome 

When you have eompleted this seetion, you should be able to 

a. deseribe the functional anatomy of the ureters, urinary 
bladder, and male and female urethra. 



Urine is produced continually, but fortunately it does not drain 
continually from the body. Urination (micturition) is episodie— 
occurring when we allow it. This is made possible by an apparatus 
for storing urine and by neural eontrols for its timely release. 
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Kidney Stones (Nephrolithiasis ) 17 

A renal calculus 18 (kidney stone) is a hard granule of calcium, 
phosphate, uric aeid, and protein. Renal calculi form in the renal 
pelvis and are usually small enough to pass unnoticed in the 
urine flow. Some, however, grow as large as a few eentimeters 
and bloek the renal pelvis or ureter, which ean lead to the destruc- 
tion of nephrons as pressure builds in the kidney. A large, jagged 
calculus passing down the ureter stimulates strong eontraetions 
that ean be excruciatingly painful. It ean also damage the ureter 
and cause hematuria. Causes of renal calculi include hyperealee- 
mia (excess calcium in the blood), dehydration, pH imbalanees, 
frequent urinary traet infeetions, or an enlarged prostate gland 
causing urine retention. Calculi are sometimes treated with stone- 
dissolving drugs, but often they require surgical removal. A non- 
surgical technique ealled lithotripsy 19 uses ultrasound to pulverize 
the calculi into fine granules easily passed in the urine. 


The llreters 

The renal pelvis funnels urine into the ureter, a retroperitoneal, 
muscular tube that extends to the urinary bladder. The ureter is 
about 25 em long and reaehes a maximum diameter of about 1.7 em 
near the bladder. The lumen is very narrow and is easily obstmeted 
by kidney stones (see Deeper Insight 25.3). The ureters pass pos- 
terior to the bladder and enter it from below, penetrating obliquely 
through its muscular wall and opening onto its floor. A small flap of 
bladder mucosa aets as a valve at the opening of eaeh ureter to keep 
urine from baeking up into the ureter when the bladder eontraets. 

The ureter has three layers: an inner mucosa, a middle muscularis, 
and an outer adventitia. Transitional epithelium lines the urinary traet 
beginning in the minor ealyees of the kidneys and extending through 
the ureters, urinary bladder, and part of the urethra. The muscularis 
eonsists of two layers of smooth muscle over most of the ureter’s 
length, but a third layer appears in the lower ureter. The inner mus- 
cular layer eonsists of longitudinal muscle eells; the eells in the next 
layer superficial to this have a circular arrangement; and the third and 
outermost layer in the lower ureter is again longitudinal. Peristaltie 
waves of eontraetion in the muscularis drive urine from the renal pel- 
vis down to the bladder. The adventitia is a eonneetive tissue layer that 
binds the ureter to the surrounding tissues. It blends with the capsule 
of the kidney at the superior end and with the eonneetive tissue of the 
bladder wall at the inferior end. 


The Urinary Bladder 

The urinary bladder (fig. 25.1 1) is a muscular sae on the floor of the 
pelvie eavity, inferior to the peritoneum and posterior to the pubic 
symphysis. It is eovered by parietal peritoneum on its flattened 


v nephro = kidney; lith = stone; /'os/'s = medieal eondition 
18 co/c = calcium, stone; ul = little 
19 //'f/?o = stone; tripsy = crushing 


superior surface and by a fibrous adventitia elsewhere. The mus- 
cular layer of the bladder, ealled the detrusor 20 (deh-TROO-zur), 
eonsists of three indistinetly separated layers of smooth muscle. 
The mucosa has conspicuous wrinkles ealled rugae (ROO-jee). 
Filling of the bladder stretehes and flattens the rugae, and they 
reappear when the bladder empties. The floor of the bladder has a 
permanently smooth area ealled the trigone, 22 a triangle defined by 
the openings of the urethra and two ureters. This is a eommon site 
of bladder infeetion (see Deeper Insight 25.4). 

The mucosa is lined with transitional epithelium, whose unique 
surface umbrella eells proteet it from the osmotie effeet of hyper- 
tonie urine as deseribed in ehapter 3 (p. 62). The epithelium is 
better developed here than any where else in the urinary traet, sinee 
it is subject to the most prolonged exposure to urine. It is typieally 
five or six eells thiek in the empty bladder, but thins to about two 
or three eells thiek when the bladder is full. The bladder is a highly 
distensible organ, eapable of holding up to 800 mL of urine. For 
photographs of the relationship of the bladder and urethra to other 
pelvie organs in both sexes, see figure A.14 (p. 342). 


The Urethra 

The urethra eonveys urine out of the body. In the female, it is a tube 
3 to 4 em long bound to the anterior wall of the vagina by fibrous 
eonneetive tissue (fig. 25.11a). Its opening, the external urethral 
orifiee, lies between the vaginal orifiee and elitoris. The male ure- 
thra (fig. 25.1 lb) is about 18 em long and has three regions: (1) The 
prostatie urethra begins at the urinary bladder and passes for about 
2.5 em through the prostate gland. During orgasm, it reeeives semen 
from the reproductive glands. (2) The membranous urethra is a 
short (0.5 em), thin-walled portion where the urethra passes through 
the muscular floor of the pelvie eavity. (3) The spongy (penile) 
urethra is about 15 em long and passes through the penis to the 
external urethral orifiee. It is named for the corpus spongiosum, 
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Urinary Traet infeetions 

infeetíon of the urinary bladder ís ealled eystitis. 23 It is espe- 
eially eommon in females because baeteria such as Eseheriehia 
eoli ean travel easily from the perineum up the short urethra. 
Because of this risk, young girls should be taught never to wipe 
the anus in a forward direetion. If eystitis is untreated, baete- 
ria ean spread up the ureters and cause pye//f/s, 24 infeetion of 
the renal pelvis. If it reaehes the renal cortex and nephrons, it 
is ealled pyelonephritis. Kidney infeetions ean also result from 
invasion by blood-borne baeteria. Urine stagnation due to renal 
calculi or prostate enlargement inereases the risk of infeetion. 


20 de = down; trus = push 

2 \uga = fold, wrinkle 

22 tri = three; gon = angle 

23 cyst = bladder; /'f/'s = inflammation 

24 pyel = pelvis 
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(a) Female 


Figure 25.11 The Llrinary Bladder and Urethra (Frontal Seetions). 


Why would on enlorged prostote glond moke it more difficult to 
empty the blodder? APl R 


an ereetile tissue that surrounds it. The male urethra assumes an 
S shape: It passes downward from the bladder, turns anteriorly as 
it enters the root of the penis, and then turns about 90° downward 
again as it enters the external, pendant part of the penis. The penile 
urethra has mucous urethral glands. In both sexes, the mucosa has 
a transitional epithelium near the bladder, a stratified squamous 
epithelium near the external orifiee, and between these, areas of 
stratified and pseudostratified columnar epithelium in the long 
urethra of the male and only pseudostratified in the short urethra 
of the female. 
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In both sexes, the detmsor muscle is thiekened near the ure- 
thra to form an internal urethral sphineter, which eompresses 
the urethra and retains urine in the bladder. Sinee this sphineter 
is eomposed of smooth muscle, it is under involuntary eontrol. 
Where the urethra passes through the pelvie floor, it is eneireled by 
an external urethral sphineter of skeletal muscle, which provides 
voluntary eontrol over the voiding of urine. 



Developmental and 
eiínìeal Perspeetìves 


Expected Learning Outcomes 


Before You Go On 

Answer the following questions to testyour understonding ofthe 
preeeding seetion: 

8. Deseribe the anatomieal relationship of the ureter to the 
renal pelvis and to the bladder wall. 

9. Compare and eontrast the structure and function of the 
internal and external urethral sphineters. 

10. Contrast the structure of the bladder wall when the bladder 

is empty with when it is full. 

11. Name and define the three segments of the male urethra. 


When you have eompleted this seetion, you should be able to 

a. deseribe the embryonie development ofthe urinary system; 

b. deseribe the degenerative ehanges that occur in old age; 
e. deseribe the causes and effeets of renal failure; and 

d. briefly define or deseribe several urinary system diseases. 


Prenatal Development 

Perhaps surprisingly, the embryonie urinary system develops two 
pairs of primitive, temporary kidneys before “settling down” and 
producing the permanent pair. The system develops as if replaying 
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the evolutionary history of the vertebrate urinary system. Early 
in week 4, a mdimentary kidney ealled the pronephros 25 appears 
in the eervieal region, resembling the kidneys of many fish and 
amphibian embryos and larvae. The pronephros disappears by the 
end of that week. As it degenerates, a seeond kidney, the meso- 
nephros 26 appears in the thoraeie to lumbar region. It functions in 
the embryos of all vertebrates, but is of minor importanee in most 
mammals, where wastes are eliminated via the plaeenta. Most of 
the mesonephros disappears by the end of month 2, but its eolleet- 
ing duct, the mesonephrie duct, remains and contributes impor- 
tantly to the male reproductive traet (see p. 727). This duct opens 
into an embryonie eloaea, a temporary rectumlike reeeiving eham- 
ber for the digestive, urinary, and reproductive systems. The final 
kidney, the metanephros, 21 appears in week 5 and thus overlaps the 
existence of the mesonephros. 

The permanent urinary traet begins with a pouch ealled the ure- 
terie bud growing from the lower end of eaeh mesonephrie duct. The 
elosed, upper end of the bud dilates and branehes to form the renal 
pelvis, then the major and minor ealyees, and finally the eolleeting 
ducts (fig. 25.12). Eaeh eolleeting duct has a eap of metanephrie 
kidney tissue over its tip. The duct induces this eap to differentiate 
into an S-shaped tubule (fig. 25.13a). Blood eapillaries grow into 
one end of the tubule and form a glomerulus as the tubule grows 
around it to form the double-walled glomemlar capsule. The other 
end of the tubule breaks through to beeome continuous with the eol- 
leeting duct. The tubule gradually lengthens and differentiates into 
the proximal convoluted tubule, nephron loop, and distal convoluted 
tubule. By the time of birth, eaeh kidney will have formed over 1 
million nephrons in this manner. No more nephrons form after birth, 
but the existing ones continue to grow. The kidney surface is lumpy 
at birth but smooths out because of nephron growth. 

The kidneys originate in the pelvie region and later migrate 
superiorly—a movement ealled aseent of the kidney. Initially, the 
kidney is supplied by a pelvie braneh of the aorta, but as it aseends, 
new arteries higher and higher on the aorta take over the job of 
supplying the kidney, while the lower arteries degenerate. 

In weeks 4 to 7, the eloaea divides into an anterior urogenital 
(U-G) sinus and a posterior anal eanal. The superior part of the 
U-G sinus forms the urinary bladder, and the inferior part forms 
the urethra. In infants and ehildren, the urinary bladder is loeated 
in the abdomen. It begins to drop into the greater pelvis at about 
6 years of age, but does not enter the lesser pelvis and beeome 
a tme pelvie organ until after puberty. Early in its development, 
the bladder is eonneeted to the allantois, an extraembryonic sae 
deseribed in ehapter 4 (p. 94). This eonneetion eventually beeomes 
a eonstrieted passage, the urachus (yur-AY-kus), eonneeting the 
bladder to the umbilicus. In the adult, the urachus is reduced to a 
fibrous eord, the median umbilical ligament. 

Urine production begins around week 12 of fetal development, 
but metabolie wastes are eleared by the plaeenta, not by the fetal 
urinary system. Fetal urine is continually reeyeled as the fetus voids 
it into the amniotie fluid, swallows it, and then excretes it again. 


25 pro = first; nephros = kidney 

26 meso = middle; nephros = kidney 

27 meta = beyond, next in a series; nephros = kidney 



Developmental Abnormalities 
of the Llrinary System 

Several anomalies ean occur during the embryonie development 
of the kidneys (see fig. 1.5, p. 7). Pelvie kidney is a eondition in 
vvhieh the kidney fails to aseend and remains in the pelvie eav- 
ity for life. Horseshoe kidney is a single C-shaped kidney that 
arehes aeross the lumbar region from left to right; it is formed 
vvhen the aseending kidneys are erovvded together and merge 
into one. The C typieally snags on the inferior mesenterie artery, 
preventing the horseshoe kidney from aseending any farther. 
Some people have tvvo ureters arising from a single kidney, 
resulting from a splitting of the ureteric bud in early embryonie 
development. Usually the tvvo ureters empty into the bladder, but 
in rare eases, one of them empties into the uterus, vagina, ure- 
thra, or elsevvhere. This requires surgical eorreetion so that urine 
does not dribble continually from the urethra or vagina. In some 
eases, the urachus fails to elose; Testing Your Comprehension 
question 3 (p. 702) addresses the consequences of this. Some 
kidneys have an oeeessory renol ortery resulting from failure of 
one of the early, temporary renal arteries to degenerate as the 
permanent renal artery forms. Most such irregularities cause no 
functional problems and usually go unnoticed, but they may be 
diseovered in surgery, radiography, or eadaver disseetion. 


The Aging Llrinary System 

The kidneys exhibit a striking degree of atrophy in old age. From 
ages 25 to 85, the number of nephrons deelines by 30% to 40%, and 
up to one-third of the remaining glomemli beeome atheroselerotie, 
bloodless, and nonfunctional. The kidneys of a 90-year-old are 20% 
to 40% smaller than those of a 30-year-old and reeeive only half 
as much blood. They are proportionately less effieient at elearing 
wastes from the blood. Although baseline renal function is adequate 
even in old age, the kidneys have little reserve eapaeity; thus, other 
diseases ean lead to surprisingly rapid renal failure. Drug doses 
often need to be reduced for the elderly because the kidneys eannot 
elear dmgs from the blood as rapidly. Reduced renal function is a 
signifieant faetor in overmedieation of the aged. 

Water balanee beeomes more precarious in old age because the 
kidneys are less responsive to antidiuretic hormone and because 
the sense of thirst is blunted. Even with free aeeess to water, many 
elderly people do not drink enough to maintain normal blood 
osmolarity, and dehydration is eommon. 

Voiding and bladder eontrol beeome a problem for both men 
and women. About 80% of men over the age of 80 are affeeted by 
benign prostatie hyperplasia, a noncancerous growth of the pros- 
tate gland that eompresses the urethra, reduces the foree of the urine 
stream, and makes it harder to empty the bladder. Urine retention 
ean cause pressure to baek up in the kidneys, aggravating the fail- 
ure of the nephrons. Older women beeome inereasingly subject to 
urinary ineontinenee (see table 25.1), espeeially if their history of 
pregnaney and ehildbearing has weakened the pelvie muscles and 
urethral sphineters. Seneseenee of the sympathetie nervous system 





chapter twenty-five The Urinarv Svstem 


699 



(b) 


Figure 25.12 Embryonie Development of the Llrinary Traet. (a) Relationship of the early ureteric bud and metanephros to the lovver mesonephrie 
duct. (b) Progression in the development of the ureter, renal pelvis, ealyees, and eolleeting ducts, all of vvhieh arise from the ureteric bud. 
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Figure 25.13 Embryonie Development of the Nephron. (a) The eolleeting duct induces mesoderm to differentiate into a renal (metanephrie) 
tissue eap, as shovvn at the far left. This eap differentiates into an S-shaped tube that vvill beeome the nephron, as shovvn on the right fork of the duct 
(representing a later stage of development). (b) The renal tubule has begun to differentiate into proximal and distal convoluted tubules and nephron loop. 
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TABLE 25.1 Some Disorders of the Llrinary System 


Acute glomerulonephritis 


Hydronephrosis 28 

Nephroptosis 29 

(NEFF-rop-TOE-sis) 


An autoimmune inflammation of the glomemli, often following a Streptococcus infeetion. Results in destmetion of glomemli 
leading to hematuria, proteinuria, edema, reduced glomemlar filtration, and hypertension. Can progress to ehronie 
glomemlonephritis and renal failure, but most individuals reeover from acute glomemlonephritis without lasting effeet. 

inerease in fluid pressure in the renal pelvis and ealyees owing to obstmetion of the ureter by kidney stones, nephroptosis 
(below), or other causes. Can progress to eomplete eessation of glomemlar filtration and atrophy of nephrons. 

Slippage of the kidney to an abnormally low position (flooting kidney). Occurs in people with too little body fatto hold the 
kidney in plaee, and in people who subjectthe kidneys to prolonged vibration, such as tmek drivers, equestrians, and 
motoreyelists. Can twist or kink the ureter, which causes pain, obstmets urine flow, and potentially leads to hydronephrosis. 


Nephrotie syndrome Excretion of large amounts of protein in the urine (> 3.5 g/day) due to glomerular injury. Can result from trauma, 

dmgs, infeetions, eaneer, diabetes mellitus, lupus erythematosus, and other diseases. Loss of plasma protein leads 
to edema, aseites (pooling offluid in the abdominal eavity), hypotension, and susceptibility to infeetion (because of 
immunoglobulin loss). 


Llrinary ineontinenee Inability to hold the urine; involuntary leakage from the bladder. Can result from ineompetenee of the urinary 

sphineters; bladder irritation; pressure on the bladder in pregnaney; an obstructed urinary outlet so that the bladder 
is eonstantly full and dribbles urine (overflovv ineontinenee); uncontrollable urination due to brief surges in bladder 
pressure, as in laughing or coughing (stress ineontinenee); and neurological disorders such as spinal eord injuries. 

Disorders Deseribed Elsewhere 


Azotemia 686 
Cystitis 696 
Hematuria 692 


Kidney stones 696 
Proteinuria 692 
Pyelitis 696 


Pyelonephritis 696 
LJremia 686 


and nervous disorders such as stroke and Alzheimer disease ean 
also cause ineontinenee. 


Llrinary System Disorders 

The most serious disorder of the urinary system is renal failure. 
Acute renal failure is an abrnpt deeline in kidney function, often 
caused by trauma or by a hemorrhage or thrombosis cutting off 
blood flow to the nephrons. Chronic renal failure is a long-term, 
progressive, irreversible loss of functional nephrons. It ean result 
from such causes as prolonged or repetitive kidney infeetions, 
trauma, poisoning, atheroselerosis of the renal arteries (often in 
conjunction with diabetes mellitus), or an autoimmune disease 
ealled acute glomemlonephritis (see table 25.1). 

Nephrons ean regenerate and restore kidney function after 
short-term injuries, and even when some nephrons are irrevers- 
ibly destroyed, others ean hypertrophy and eompensate for their 
lost function. Indeed, a person ean survive on as little as one-third 
of one kidney. When 75% of the nephrons are lost, however, the 
remaining ones eannot maintain homeostasis. The result is azo- 
temia and aeidosis, and if 90% of renal function is lost, uremia 
is likely. Loss of nephron function also leads to anemia, because 
erythroeyte production depends on the hormone erythropoietin, 
which is seereted mainly by the kidneys. 

Renal insufficiency or failure must be treated either with 
a kidney transplant or with hemodialysis. The latter is a 


28 hydro = water; nephr = kidney; os/'s = medieal eondition 
29 nephro = kidney; ptosis = sagging, falling 


procedure in which, usually, arterial blood is pumped through 
a dialysis maehine. In the maehine, the blood passes through 
tubes of dialysis membrane immersed in dialysis fluid. Wastes 
and excess water diffuse from the blood into the fluid, which 
is disearded, and drugs ean be added to the dialysis fluid to 
diffuse into the blood. Another method ealled continuous 
ambulatory peritoneal dialysis (CAPD) frees the patient from 
the dialysis maehine and ean be earried out at home. Dialysis 
fluid is introduced into the peritoneal eavity through a eatheter, 
absorbs metabolie wastes, and then is drained from the body 
and disearded. 

Some other urinary system disorders are briefly deseribed in 
table 25.1. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

12. Explain why the nephron has a different embryonie origin 

from the passages that extend from eolleeting duct to 
urethra. 

13. How does the number of functional nephrons ehange 

in old age? What are the implieations of this ehange for 
homeostasis and medieation dosages? 

14. What are some causes of renal failure? Deseribe some 

elinieal signs of renal failure. 

15. Cover the right side of table 25.1 and define or deseribe the 

disorders on the left from memory. 
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Assess Your Learning Outcomes 


To test your knowledge, discuss thefollowing 
topies with a study partner or in writing, ideally 
from memory. 

25.1 Fimetions of the Urinary System (p. 685) 

1. The six organs of the urinary system 

2. The fimetions of the kidneys 

3. The meaning of excretion 

4. Nitrogenous wastes, azotemia, and iiremia 

25.2 The Kidney (p. 686) 

1. The loeation of the kidneys and their relation- 
ship to adj aeent organs and the peritoneum 

2. The shape of the kidney and the loeation 
and purpose of the hilum 

3. The three layers of eonneetive tissue that 
surround and enelose the kidney 

4. The relationships between the renal cortex, 
medulla, pyramids, and sinus 

5. The relationships between a renal pyramid, 
minor calyx, major calyx, renal pelvis, and 
ureter 

6. All branehes of the renal artery leading to 
the glomerulus, peritubular eapillaries, and 
vasa reeta; and all tributaries leading from 
these vessels to the renal vein 

7. The routes of sympathetie, parasympathetie, 
and sensory innervation of the kidney, and 
effeets of the sympathetie nerves on renal 
function 

Testing Your Reeall 


8. The four basie steps of urine formation 

9. The meaning of nephron and the anatomi- 
eal eomponents of this structure 

10. The structural details of a renal corpuscle, 
espeeially the relationship of the podo- 
eytes to the glomeralar eapillaries 

11. Components of the filtration membrane in 
the glomerulus, and the relevanee of this 
membrane to the eomposition of urine 

12. The path of fhiid movement in glomeralar 
filtration and flow into the renal tubule 

13. Components of the renal tubule, in the 
order of fhiid flow; which eomponents 
belong to a single nephron and which ones 
are shared by rmiltiple nephrons 

14. Structural differenees between the proxi- 
mal convoluted tubule, nephron loop, dis- 
tal eonvohited tubule, and eolleeting duct; 
and the relevanee of these structural differ- 
enees to their functions 

15. The contributions of eaeh part of the renal 
tubule to the final eomposition of the 
urine 

16. The loeation, eomponents, function, and 
aetion of the juxtaglomerular apparatus 

25.3 The Ureters, IJrinary Bladder, and 
IJrethra (p. 695) 

1. The anatomy, function, and aetion of the 
ureters 


2. The anatomy of the urinary bladder and 
how its structure relates to its hmetions 

3. The anatomy of both the female and male 
urethra, loeations of the internal and exter- 
nal urethral sphineters, and functional dif- 
ferenee between the two sphineters 

25.4 Developmental and Clinical 
Perspeetives (p. 697) 

1. The developmental sequence from pro- 
nephros to mesonephros to metanephros 

2. The origin of the ureteric bud and the 
structures that arise from it 

3. The pattern of development of the neph- 
rons from mesonephrie tissue 

4. The eloaea, its differentiation into anal 
eanal and urogenital sinus, and the further 
differentiation of the urogenital sinus into 
the organs of the lower urinary traet 

5. Changes in the kidneys in old age, and the 
impaet of this on one’s health 

6. Issues of urinary ineontinenee or urine 
retention experienced by elderly men and 
women, and reasons for this differenee 
between the sexes 

7. Causes, effeets, and treatment of renal 
failure 


1. Which of these is not a hmetion of the 
kidneys? 

a. to seerete hormones 

b. to excrete nitrogenous wastes 
e. to store urine 

d. to eontrol blood vohime 

e. to eontrol aeid-base balanee 

2. The eompaet ball of eapillaries in a neph- 
ron is ealled 

a. the nephron loop. 

b. the peritubular plexus. 
e. the renal corpuscle. 

d. the glomerahis. 

e. the vasa reeta. 

3. Which of these is not trae of the position of 
the kidneys in the body? 

a. They are medial to the aorta. 

b. They are retroperitoneal. 

e. The right kidney is lower than the left. 

d. They are inferior to the liver and spleen. 

e. They lie partially within the rib eage. 


4. Which of these lies elosest to the renal 
cortex? 

a. the parietal peritoneum 

b. the renal faseia 

e. the fibrous capsule 

d. the perirenal fat capsule 

e. the renal pelvis 

5. The water that is reabsorbed by the eolleet- 
ing duct enters 

a. the nephron loop. 

b. the minor calyx. 
e. the ureter. 

d. the efferent arteriole. 

e. the vasa reeta. 

6. A glomerulus and glomeralar capsule 
make up one 

a. renal capsule. 

b. renal corpuscle. 
e. kidney lobule. 

d. kidney lobe. 

e. nephron. 


7. The kidney has more_than any of the 

other structures listed. 

a. arcuate arteries d. afferent arterioles 

b. minor ealyees e. eolleeting ducts 
e. medullary pyramids 

8. The_arises from the embryonie ure- 

terie bud. 

a. nephron 

b. renal pelvis 
e. glomerulus 

d. urinary bladder 

e. proximal convoluted tubule 

9. The_absorbs variable amounts of 

water depending on the level of antidi- 
uretic hormone present. 

a. proximal convoluted tubule 

b. nephron loop 

e. distal convoluted tubule 

d. eolleeting duct 

e. urinary bladder 
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10. In eortieal nephrons, blood of the efferent 
arteriole flows next into 

a. the peritubular eapillaries. 

b. the arcuate artery. 
e. the arcuate vein. 

d. the vasa reeta. 

e. the glomerulus. 

11. The most abundant nitrogenous waste in 

the urine is_. 

12. The ureter, renal pelvis, ealyees, and eol- 

leeting duct arise from an embryonie 
pouch ealled the_. 

13. The openings of the two ureters and the 
urethra form the boundaries of a smooth 


area ealled the_on the floor of the 

urinary bladder. 

14. The_is a group of epithelial eells 

at the distal end of the nephron loop that 
monitors the flow or eomposition of the 
tubular fluid. 

15. To enter the capsular spaee, filtrate must 

pass between foot proeesses of the_, 

which are eells that form the viseeral layer 
of the glomerular capsule. 

16. What part of the nephron is eharaeterized 
by a brush border and espeeially great 
length? 


17. Epithelial eells in the_of the nephron 

loop have few mitoehondria and low meta- 
bolie aetivity, but they are very permeable 
to water. 

18. The smooth muscle of the bladder wall is 

ealled the_. 

19. Eaeh renal pyramid drains into a separate 

cuplike urine reeeptaele ealled a_. 

20. Blood flows through the _ arteries 

just before entering the eortieal radiate 
arteries. 

Answers in appendix A 


Biiilding Your Medieal Vocabulary 


State a medieal meaning ofeaeh of the following 
word elements, and give a term in which it is 
used. 

1. azot- 

2. nephro- 


3. glomeml- 

4. litho- 

5. podo- 

6. -uria 

7. macula 


8. juxta- 

9. pelv- 
10. eysto- 


Answers in appendix A 


True or False 


Determine whichfive of the following statements 
arefalse, and briefly explain why. 

1. The ureters open through pores in the roof 
of the urinary bladder. 

2. The kidneys seerete antidiuretic hormone 
to promote water retention and prevent 
dehydration. 

3. The kidney has more distal eonvohited 
tubules than eolleeting ducts. 


Testing Your Comprehension 

1. What function could the eolleeting duct 
not perform if there were no nephron 
loops? Why? 

2. Why would a simple squamous epithelium 
function poorly as an inner lining of the 
urinary bladder? 

3. In some infants, the urachus fails to elose; 
it remains as an open passage (nraehal 


4. Tight junctions prevent material from leak- 
ing between the epithelial eells of the renal 
tubule. 

5. Many eolleeting ducts empty into eaeh 
minor calyx. 

6. The glomerulus is a complex of blood eap- 
illaries loeated in the capsular spaee of the 
glomemlar capsule. 

7. Eaeh eortieal radiate artery serves rmiltiple 
nephrons. 


fistula) from the urinary bladder to the 
umbilicus. What would you expect to be 
the most obvious sign of a urachal fistula? 

4. Suppose the ureters entered the bladder 
from above instead of from below. Which 
disorder in table 25.1 would you expect to 
result from this? Explain why. 


8. Blood-borne solutes ean beeome ineorpo- 
rated into the urine by either glomemlar 
filtration or tubular seeretion. 

9. The kidneys are loeated in the pelvie eavity. 

10. The kidneys develop in the pelvie region 

and aseend to a higher loeation in the 
abdominal eavity during fetal development. 

Answers in appendix A 


5. In what ways do the proximal and distal 
convoluted tubules differ in structure? 
How is this related to their functional 
differenee? 
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part five Reproduction 


F rom all we have learned of the structure and function of the 

human body, it seems a wonder that it works at all! The 
faet is, however, that even with modern medieine we ean’t 
keep it working forever. The body inevitably suffers degen- 
erative ehanges as we age, and eventually we expire. Yet our 
genes live on in new eontainers—our offspring. This final ehapter 
eoneerns the means of their production—the male and female 
reproductive systems. 



Sexual Reproduction 


Expected Learníng Outcomes 


When you have eompleted this seetion, you should be able to 

a. define sexual reproduction; 

b. identify the most fundamental biologieal distinetion 
between male and female; and 

e. define primary sex organs, seeondary sex organs, and 
seeondary sex eharaeteristies. 


The Two Sexes 

The essenee of sexual reproduction is that it is biparental—the 
offspring reeeive genes from two parents and therefore are not 
genetieally identieal to either one. To aehieve this, the parents must 
produce gametes 1 (sex eells) that meet and eombine their genes in 
a zygote 2 (fertilized egg). The gametes must have two properties 
for reproduction to be successful: motility so they ean aehieve eon- 
taet, and nutrients for the developing embryo. A single eell eannot 
perform both of these roles optimally, because to eontain ample 
nutrients means to be relatively large and heavy, and this is ineon- 
sistent with the need for motility. Therefore, these tasks are usually 
apportioned to two kinds of gametes. The small motile one—little 
more than DNA with a propeller—is the sperm (spermatozoon), 
and the large nutrient-laden one is the egg (ovum). 

In any sexually reproducing speeies, by definition, an individ- 
ual that produces eggs is female and one that produces sperm is 
male. This eriterion is not always that simple, as we see in eertain 
abnormalities in sexual development. Genetieally, however, any 
human with a Y sex ehromosome is elassified as male and anyone 
laeking a Y is elassified as female. Normally, a male inherits an X 
from the mother and Y from the father, and his sex ehromosomes 
are thus designated XY. A female inherits an X from eaeh parent, 
and therefore has an XX ehromosome pair. 

In mammals, the female is also the parent that provides a sheltered 
internal environment for the development and prenatal nutrition of 
the embryo. For fertilization and development to occur in the female, 
the male must have a copulatory organ, the penis, for introducing his 
gametes into the female reproductive traet and the female must have 
a copulatory organ, the vagina, for reeeiving the sperm. 


^gom = marriage, union 

2 zygo = yoke, union 


Overview of the Reproductive System 

The reproductive system in the male serves to produce sperm and 
introduce them into the female body. The female reproductive system 
produces eggs, reeeives the sperm, provides for the union of these 
gametes, harbors the fetus, gives birth, and nourishes the offspring. 

In both sexes, the reproductive system eonsists of primary and 
seeondary sex organs, or genitalia. The primary sex organs, or 
gonads, 3 are the organs that produce gametes—testes of the male 
and ovaries of the female. The seeondary sex organs are organs 
other than gonads that are neeessary for reproduction. In the male, 
they constitute a system of ducts, glands, and the penis, eoneerned 
with the storage, survival, and eonveyanee of sperm. In the female, 
they inehide the uterine tubes, uterus, and vagina, eoneerned with 
uniting the sperm and egg and harboring the fetus. 

Aeeording to loeation, the reproductive organs are elassified as 
external and internal genitalia (table 26.1). The external genitalia 
are loeated in the perineum—the diamond-shaped region marked 
by the pubic symphysis anteriorly, the coccyx posteriorly, and the 
isehial tuberosities laterally (see fig. 11.16, p. 288). Most of them 
are externally visible, except for the aeeessory glands of the female 
perineum (see fig. 26.20). The internal genitalia are loeated mainly 
in the pelvie eavity, except for the male testes and some assoeiated 
ducts eontained in the scrotum. 

Seeondary sex eharaeteristies are features that develop in 
adoleseenee, further distinguish the sexes, and play a role in mate 
attraetion. From the eall of a bullfrog to the tail of a peaeoek, these 
are well known in the animal kingdom. In humans, the identifiea- 
tion of seeondary sex eharaeteristies rests on somewhat subjective 
and culturally variable judgments of what is sexually attraetive. 
Commonly eonsidered among the seeondary sex eharaeteristies 


3 gon = seed 


TABLE 26.1 

The External and Internal Genitalia 

External Genitalia 

Internal Genitalia 

Male 


Penis Testes (s., testis) 

Scrotum Epididymides (s., epididymis) 

Ductus deferentes (s., ductus 
deferens) 

Seminal vesieles 
Prostate 

Bulbourethral glands 


Female 


Mons pubis 

Labia majora (s., lobium mojus) 
Labia minora (s., lobium minus) 
Gitoris 

Vaginal orifiee 
Vestibular bulbs 
Vestibular glands 
Paraurethral glands 


Ovaries 
LJterine tube 
Uterus 
Vagina 
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are the pubic and axillary hair; male faeial hair; apoerine seent 
glands assoeiated with these patehes of hair; differenees in the 
texture and visibility of the hair on the limbs and trunk; the female 
breasts; differenees in muscularity and the quantity and distribu- 
tion of body fat; and differenees in the piteh of the voiee. 

Before You Go On 

- 

Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

1. Defìne gonod and gomete. Explain the relationship betvveen 
the terms. 

2. Define mole, femole, sperm, and egg. 



The Male Reproductive 
Sy ste m 



R 


Expected Learnìng Outcomes 


When you have eompleted this seetion, you should be able to 

a. deseribe the anatomy of the scrotum, testes, 
spermatie ducts, aeeessory glands, and penis; 

b. deseribe the stages in spermatogenesis, the 
production of sperm; and 

e. deseribe the structure of a sperm eell and the 
eomposition of semen. 


Figure 26.1 shows the major organs of the male reproductive sys- 
tem. We will traee this system in the direetion that sperm travel, 
therefore beginning with the testes and assoeiated structures and 
ending with the penis. 


fibrous eonneetive tissue, and a sperm duct ealled the ductus 
deferens. The eord passes upward behind and superior to the testis, 
where it is easily palpated through the skin of the scrotum. It eon- 
tinues aeross the anterior side of the pubis and into a 4-em-long 
inguinal eanal, which leads through the muscles of the groin and 
emerges into the pelvie eavity. The inferior entranee into the ingui- 
nal eanal is ealled the external inguinal ring, and its superior exit 
into the pelvie eavity is the internal inguinal ring. 

In some mammals, the testes are in the abdominopelvie eav- 
ity and there is no scrotum. It is therefore unclear, and a subject 
of debate among reproductive biologists, why humans and most 
other mammals have the testes in a scrotum. Whatever the reason 
may be, however, they have adapted to this eooler environment and 
eannot produce sperm at the eore body temperature of 37°C; they 
must be held at about 35 °C. The scrotum has three meehanisms for 
regulating the temperature of the testes: 

1. The eremaster 6 muscle —strips of the internal abdominal 
oblique muscle that enmesh the spermatie eord. When it is 
eold, the eremaster eontraets and draws the testes eloser to 
the body to keep them warm. When it is warm, the eremaster 
relaxes and the testes are suspended farther from the body. 

2. The dartos 7 muscle —a subcutaneous layer of smooth 
muscle. It, too, eontraets when eold, making the scrotum taut 
and wrinkled. This reaetion holds the testes snugly against the 
warm body and reduces the surface area of the scrotum, thus 
reducing heat loss. 

3. The pampiniform 8 plexus —an extensive network of veins 
from the testis that surround the testicular artery in the 
spermatie eord. The plexus prevents warm arterial blood from 
overheating the testis, which would inhibit sperm production. 

It aets as a countercurrent heat exchanger. Blood aseending 
through the plexus is relatively eool (about 35°C) and absorbs 
heat from the warmer (37°C) blood deseending through the 
testicular artery. By the time arterial blood reaehes the testis, it 
is 1.5° to 2.5°C eooler than it was when it left the pelvie eavity. 


The Scrotum 

The testes are eontained in the serotiim , 4 a pouch of skin, muscle, 
and fibrous eonneetive tissue (figs. 26.2 and 26.3). The skin of the 
scrotum has sebaceous glands, sparse hair, rieh sensory innerva- 
tion, and somewhat darker pigmentation than skin elsewhere. The 
scrotum is divided into right and left eompartments by an internal 
median septum, which proteets eaeh testis from infeetions of the 
other one. The loeation of the septum is externally marked by a 
seam ealled the perineal raphe 5 (RAY-fee), which also extends 
anteriorly along the ventral side of the penis and posteriorly as far 
as the margin of the anus (fig. 26.1). The left testis is usually sus- 
pended lower than the right so the two are not eompressed against 
eaeh other between the thighs. 

The scrotum eontains not only the testes but also the spermatie 
eord —a bundle of blood and lymphatie vessels, testienlar nerves , 


4 scrotum = bag 

5 rophe = seam 


The Testes 

The testes (testieles) are the male gonads—eombined endoerine 
and exocrine glands that produce sex hormones and sperm. Eaeh 
testis is oval and slightly flattened, about 4 em long, 3 em from 
anterior to posterior, and 2.5 em from left to right (see fig. 26.4). Its 
anterior and lateral surfaces are eovered by the tunica vaginalis , 9 a 
saccular extension of the peritoneum. The testis itself has a white 
fibrous capsule ealled the tunica albuginea 10 (TOO-nih-ea AL- 
byu-JIN-ee-uh). Connective tissue septa extend from the capsule 
into the parenehyma of the testis, dividing it into 200 to 300 wedge- 
shaped lobules. Eaeh lobule eontains one to three seminiferous n 
(SEM-ih-NIF-er-us) tubules —slender ducts up to 70 em long 


6 cremoster = suspender 

7 dortos = skinned 

8 pompin = tendril; form = shape 

9 tunico = eoat; vogina = sheath 

10 o/ò = white 

^semin = seed, sperm; fer = to earry 
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Figure 26.1 The Male Reproductive System. See figure A.14a (p. 342) for a eorresponding eadaver disseetion photo 
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Figure 26.2 The Male Perineum. See figure 11.16 (p. 288) for 
details of the muscles ofthis region. 




in which the sperm are produced. Between the seminiferous 
tubules are clusters of interstitial (Leydig 12 ) eells, the source of 
testosterone. 

A seminiferous tubule has a narrow lumen lined by a thiek 
germinal epithelium (fig. 26.4). The epithelium eonsists of sev- 
eral layers of germ eells in the proeess of beeoming sperm, and a 
much smaller number of tall sustentacular 13 (Sertoli 14 or nurse) 
eells, which proteet the germ eells and promote their development. 
The germ eells depend on the sustentacular eells for nutrients, 
waste removal, growth faetors, and other needs. The sustentacular 
eells also seerete a hormone, inhibin, which regulates the rate of 
sperm production; and androgen-binding protein, which makes the 
testis responsive to testosterone. 

A sustentacular eell is shaped a little like a tree trunk whose 
roots spread out over the basement membrane, forming the 
boundary of the tubule, and whose thiek trunk reaehes to the 
tubule lumen. Tight junctions between adjaeent sustentacular 
eells form a blood-testis barrier (BTB), which prevents anti- 
bodies and other large molecules in the blood and intercellular 
fluid from getting to the germ eells. This is important because 


12 Franz von Leydig (1821-1908), German anatomist 

U sustentacul = support 

14 Enrico Sertoli (1842-1910), Italian histologist 
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Figure 26.3 The Scrotum and Spermatie Cord. AP R 
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Figure 26.4 The Testis and Assoeiated Structures. (a) The scrotum is opened and folded downward to reveal the testis and assoeiated organs. 
(b) Anatomy of the testis, epididymis, and spermatie eord. (e) Seanning eleetron mierograph of the seminiferous tubules. (d) Light mierograph. This 
region of the tubule did not have mature sperm at the time. AP R 
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the germ eells, being genetieally different from other eells of 
the body, would otherwise be attaeked by the immune system. 
Some eases of sterility occur when the BTB fails to form ade- 
quately and the irnrmme system produces antibodies against the 
germ eells. 


Apply What You Know 

Would you expect to find blood eapillaries in the vvalls of the 
seminiferous tubules? Why or vvhy not? 


The seminiferous tubules lead into a network ealled the rete 15 
(REE-tee) testis, embedded in the capsule on the posterior side. 
Sperm partially mature in the rete. They are moved along by the 
flow of fluid seereted by the sustentacular eells and by the eilia 
on some rete eells. Sperm do not swim while they are in the male 
reproductive traet, but remain immobile until ejaculated. 

Eaeh testis is supplied by a testicular artery, which arises 
from the abdominal aorta just below the renal artery. This is a very 
long, slender artery that winds its way down the posterior abdomi- 
nal wall before passing through the inguinal eanal into the scrotum. 
Its blood pressure is very low, and this is one of the few arteries 
to have no pulse. Consequently, blood flow to the testes is quite 
meager and they reeeive a poor oxygen supply. The sperm appear 
to eompensate by developing unusually large mitoehondria, which 
may preeondition them for survival in the hypoxic environment of 
the female reproductive traet. 

Blood leaves the testis by way of the pampiniform plexus of 
veins. As these veins pass through the inguinal eanal, they eon- 
verge and form the testicular vein. The right testicular vein drains 
into the inferior vena eava and the left one drains into the left renal 
vein. Lymphatie vessels also drain eaeh testis. They travel through 
the inguinal eanal with the veins and lead to lymph nodes adjaeent 
to the lower aorta. Lymph from the penis and scrotum, however, 
travels to lymph nodes adjaeent to the iliae arteries and veins and 
in the inguinal region. 

Testicular nerves lead to the gonads from spinal eord seg- 
ments TIO and Tll. They are mixed sensory and motor nerves 
eontaining predominantly sympathetie but also some parasym- 
pathetie fibers. The sensory fibers are eoneerned primarily with 
pain and the autonomic fibers are predominantly vasomotor, for 
regulation of blood flow. 


Spermatogenesis and Sperm 

Spermatogenesis is the proeess of sperm production. It occurs 
in the seminiferous tubules and involves three prineipal events: 
(1) division and remodeling of a relatively large germ eell into four 
small, mobile eells with flagella; (2) reduction of the ehromosome 
number by one-half, so that when the sperm and egg eombine, 
we do not get a doubling of ehromosome number in every gen- 
eration; and (3) a shuffling of the genes so that eaeh ehromosome 
of the sperm earries new gene eombinations that did not exist in 


the ehromosomes reeeived from the parents. This ensures genetie 
variety in the offspring. The genetie reeombination and reduction 
in ehromosome number are aehieved through a form of eell divi- 
sion ealled meiosis, which produces four daughter eells that subse- 
quently differentiate into sperm (fig. 26.5). 

Early in prenatal development, primordial germ eells form in 
the yolk sae, migrate by ameboid motion into the embryo itself, 
and eolonize the gonadal ridges (see p. 727). Here they beeome 
stem eells ealled spermatogonia. These eells remain dormant 
through ehildhood, lying along the periphery of the seminiferous 
tubules near the basement membrane, outside the blood-testis bar- 
rier (BTB). These eells are diploid 16 —they have 46 ehromosomes 
(23 pairs) and are genetieally identieal to most other eells of the 
body, so they require no proteetion from the immune system. 

At puberty, testosterone seeretion rises, reaetivates the sper- 
matogonia, and brings on spermatogenesis. The essential steps of 
spermatogenesis are as follows; see the same-numbered steps in 
figure 26.6. 



Spermatogonia divide by mitosis. One daughter eell from 
eaeh division remains near the tubule wall as a stem eell 
ealled the type A spermatogonium. Type A spermatogonia 
serve as a lifetime supply of stem eells, so men normally 
remain fertile throughout old age. The other daughter eell, 
ealled the type B spermatogonium, migrates slightly away 
from the wall on its way to beeoming sperm. 

The type B spermatogonium enlarges and beeomes a 
primary spermatoeyte. Sinee this eell is about to undergo 
meiosis and beeome genetieally different from other eells 
of the body, it must be proteeted from the immune system. 
Ahead of the primary spermatoeyte, the tight junction 
between two sustentacular eells is dismantled, while a 
new tight junction forms behind the spermatoeyte. The 
spermatoeyte moves forward toward the lumen, like passing 
through the double-doored airloek of a spaeeship, and is 
now proteeted by the BTB. 

The primary spermatoeyte undergoes meiosis I, a eell 
division that reduces the ehromosome number by half. 

The daughter eells, ealled seeondary spermatoeytes, are 
therefore haploid 17 —they have 23 unpaired ehromosomes, 
although eaeh ehromosome eonsists of two identieal- 
looking strands ealled ehromatids (see fig. 2.22, p. 50). 

The seeondary spermatoeytes undergo another division, 
meiosis II, during which eaeh ehromosome splits into 
separate ehromatids. The result is four daughter eells (two 
from eaeh spermatoeyte) ealled spermatids, eaeh with 23 
single-stranded ehromosomes. 






A spermatid divides no further, but undergoes a proeess 
ealled spermiogenesis, in which it differentiates into a 


15 refe = network 


16 d/'p/o = double 
u haplo = half 
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Meiosis I (first division) 


Meiosis II (seeond division) 


Early prophase I 

ehromatin eondenses to 
form visible ehromosomes; 
eaeh ehromosome has 2 
ehromatids joined by a 
eentromere. 


Mid- to late prophase I 

Homologous ehromosomes 
form pairs ealled tetrads. 
Chromatids often break 
and exchange segments 
(erossing-over). Centrioles 
produce spindle fibers. 
Nuclear envelope 
disintegrates. 


Metaphase I 

Tetrads align on 
equatorial plane of 
eell with eentromeres 
attaehed to spindle 
fibers. 



ehromosome 

Nucleus 
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AnaphaseI 

Homologous 
ehromosomes 
separate and 
migrate to opposite 
poles of the eell. 


Telophase I 

New nuclear 
envelopes 
form around 
ehromosomes; 
eell undergoes 
eytoplasmie 
division 
(eytokinesis). 
Eaeh eell is 
now haploid. 






eieavage furrow 









Prophase II 

Nuclear envelopes 
disintegrate again; 
ehromosomes still 
eonsist of 2 ehromatids. 
New spindle forms. 


Metaphase II 

Chromosomes align on 
equatorial plane. 


Anaphase II 

Centromeres divide; 
sister ehromatids 
migrate to opposite 
poles of eell. Eaeh 
ehromatid now constitutes 
a single-stranded 
ehromosome. 


Telophase II 

New nuclear envelopes 
form around ehromosomes; 
ehromosomes uncoil and 
beeome less visible; 
eytoplasm divides. 


Final product is 4 
haploid eells with 
single-stranded 
ehromosomes. 


Figure 26.5 Meiosis. For simplieity, the eell is shown with only two pairs of homologous ehromosomes. Human eells begin meiosis 
with 23 pairs. 
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Figure 26.6 Spermatogenesis. 2n indieates diploid 
eells, and n indieates haploid eells. The proeess proeeeds 
from the bottom of the figure to the top. The daughter 

eells from seeondary spermatoeytes through spermatids Type A spermatogonium 
remain eonneeted by slender eytoplasmie bridges until 

spermiogenesis is eomplete and individual spermatozoa are Basement membrane 

released. See text for explanation of steps 1 through 5. of seminiferous tubule 

Why must the primory spermotoeyte move through the 
blood-testis borrier before undergoing meiosis? 



Blood-testis barrier 

Primary 
spermatoeyte 

Sustentacular eell 


Type B spermatogonium 


single spermatozoon (sperm). The fundamental ehanges 
in spermiogenesis are a loss of excess eytoplasm and 
the growth of a tail (flagellum), making the sperm a 
lightweight, mobile eell (fig. 26.7). 

All stages from primary spermatoeyte to spermatozoon are 
enfolded in tendrils of the sustentacular eells and bound to them 
by tight junctions and gap junctions. In addition, the daughter 
eells do not eompletely separate from eaeh other in meiosis I 
and II, but remain joined to eaeh other by narrow eytoplasmie 
bridges. They do not eompletely separate until the very end of 
spermiogenesis. 

At the eonehision of spermiogenesis, the spermatozoa are 
released and washed down the tubule by fluid from the sustentacu- 
lar eells. It takes about 74 days for a spermatogonium to beeome 
mature sperm. A young adult male produces about 300,000 sperm 
per minute, or 400 million per day. 

The Spermatozoon 

The spermatozoon has two parts: a pear-shaped head and a long 
tail (fig. 26.8). The head, about 4 to 5 pm long and 3 pm wide at its 


broadest part, eontains three structures: a nucleus, aerosome, and 
flagellar basal body. The most important of these is the nucleus, 
which fills most of the head and eontains a haploid set of eon- 
densed, genetieally inaetive ehromosomes. The aerosome 18 is a 
lysosome in the form of a thin eap eovering the apieal half of the 
nucleus. It eontains enzymes that are later used to penetrate the 
egg if the sperm is successful. The basal body of the flagellum is 
nestled in an indentation at the posterior end of the nucleus. 

The tail is divided into three regions ealled the midpieee, prin- 
eipal pieee, and endpieee. The midpieee, a eylinder about 5 to 9 pm 
long and half as wide as the head, is the thiekest part. It eontains 
numerous large mitoehondria that eoil tightly around the axoneme 
of the flagellum. They produce the ATP needed for the beating of 
the tail when the sperm migrates up the female reproductive traet. 
The prineipal pieee, 40 to 45 pm long, constitutes most of the tail 
and eonsists of the axoneme surrounded by a sheath of supportive 
fibers. The endpieee, 4 to 5 pm long, eonsists of the axoneme only 
and is the narrowest part of the sperm. 


18 ocro = tip, peak; some = body 
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Figure 26.7 Spermiogenesis. In this proeess, the spermatids 
diseard excess eytoplasm, grow tails, and beeome spermatozoa. 
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The Spermatie Ducts 

After leaving the testis, the sperm travel through a series of 
spermatie ducts to reaeh the urethra. These include the follow- 
ing (see fig. 26.1): 

• Efferent ductules. About 12 small efferent ductules arise 
from the posterior side of eaeh testis and earry sperm to the 
epididymis (see fig. 26.4b). They have clusters of eiliated 
eells that help drive the sperm along. 

• Duct of the epididymis. The epididymis 19 (EP-ih-DID- 
ih-miss; plural, epididymides) is a site of sperm maturation 
and storage. It adheres to the posterior side of the testis 
and eonsists of a clublike head at the superior end, a long 
middle hody, and a slender tail at its inferior end. It eontains 
a single eoiled duct embedded in eonneetive tissue. The 
duct is about 6 m (20 ft) long, but it is so slender and highly 
eoiled that it is paeked into an epididymis only 7.5 em long. 
The duct reabsorbs about 90% of the fluid seereted by the 
testis. Sperm are physiologieally immature (ineapable of 
fertilizing an egg) when they leave the testis, but mature as 
they travel through the head and body of the epididymis. In 
20 days or so, they reaeh the tail. They are stored here and 
in the adjaeent portion of the ductus deferens. Stored sperm 
remain fertile for 40 to 60 days, but if they beeome too old 
without being ejaculated, they disintegrate and the epididy- 
mis reabsorbs them. 

• Ductus deferens. The duct of the epididymis straightens out 
at the tail, turns 180°, and beeomes the ductus deferens— 
also ealled the vas deferens, henee the term vaseetomy for 
the surgical eontraeeptive procedure. This is a muscular tube 
about 45 em long and 2.5 mm in diameter (see fig. 26.1). 

It passes upward through the spermatie eord and inguinal 
eanal, and enters the pelvie eavity. There, it turns medially 
and approaehes the urinary bladder. After passing between 
the bladder and ureter, the duct turns downward behind 
the bladder and widens into a terminal ampulla. The duc- 
tus deferens ends by uniting with the duct of the seminal 
vesiele, a gland eonsidered later. It has a very narrow lumen 
and a thiek wall of smooth muscle well innervated by sym- 
pathetie nerve fibers. 

• Ejaculatory duct. Where the ductus deferens and duct of the 
seminal vesiele meet, they form a short (2 em) ejaculatory 
duct, which passes through the prostate gland and empties 
into the urethra. The ejaculatory duct is the last of the sper- 
matie ducts. 

The male urethra is shared by the reproductive and urinary 
systems. It is about 20 em long and eonsists of three regions: 
the prostatie, memhranous, and spongy (penile) urethra (detailed 
on p. 696). Although it serves both urinary and reproductive 
roles, it eannot pass urine and semen simultaneously. Dur- 
ing ejaculation, the internal urethral sphineter eontraets to pre- 
vent the voiding of urine and keep semen out of the urinary 
bladder. 


19 ep/ = upon; didym = twins, testes 


Figure 26.8 The Mature Spermatozoon. (a) Head and part of the 
tail of a spermatozoon (TEM). (b) Sperm structure. 
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The Aeeessory Glands 

There are three sets of aeeessory glands in the male reproductive 
system (see fig. 26.1): 

• Seminal vesieles. These are a pair of glands posterior to the 
urinary bladder; one is assoeiated with eaeh ductus deferens. 

A seminal vesiele is about 5 em long, or approximately the 
dimensions of one’s little finger. It has a eonneetive tissue 
capsule and underlying layer of smooth muscle. The seeretory 
portion is a very convoluted duct with numerous branehes 
that form a complex labyrinth. The duct empties into the 
ejaculatory duct. 

• Prostate 20 (PROSS-tate) gland. This is a median structure that 
surrounds the urethra and ejaculatory ducts immediately infe- 
rior to the urinary bladder. It measures about 3 em in diameter. 
It is actually a eomposite of 30 to 50 compound tubuloacinar 
glands enelosed in a single fibrous capsule. These glands empty 
into the urethra through about 20 pores in the urethral wall. The 
stroma of the prostate eonsists of eonneetive tissue and smooth 
muscle, like that of the seminal vesieles. The prostate gland is 
the source of the two most eommon urogenital dysfunctions in 
older men (see Deeper Insight 26.1). 

• Bulbourethral (Cowper 21 ) glands. These are named for their 
position near a dilated bulb at the inner end of the penis and their 
assoeiation with the penile urethra. They are brownish, spherieal 
glands about 1 em in diameter, with a 2.5 em duct to the urethra. 
During sexual arousal, they produce a elear slippery fluid that 
lubricates the head of the penis in preparation for intercourse. 
Perhaps more importantly, though, the fluid proteets the sperm 
by neutralizing the aeidity of residual urine in the urethra. 


Semen 


A typieal ejaculation diseharges 2 to 5 mL of semen 22 (seminal 
fluid), a complex mixture of sperm and glandular seeretions. About 
10% of it eonsists of sperm and flmds from the spermatie ducts; 
30% is a thin, milky fluid from the prostate; and 60% is a viscous, 
yellowish fluid from the seminal vesieles. The bulbourethral glands 
contribute a traee of fluid. Normal semen eontains about 50 to 
120 million sperm per milliliter—the sperm count. A count lower 
than 20 to 25 million/mL is usually assoeiated with infertility 
(sterility), the inability to fertilize an egg (see table 26.2). 

Fresh semen is very stieky. This results from the aetion of a elot- 
ting enzyme in the prostatie fluid on a protein, proseminogelin, in 
the seminal vesiele fluid. The enzyme eonverts this to seminogelin, 
an adhesive protein very similar to the fibrin of a blood elot. The 
functional advantage of this seems to be that it ensures semen 
will adhere to the cervix and vagina rather than draining baek 
out. Twenty to 30 minutes later, another prostatie enzyme, serine 
protease, breaks down seminogelin and liquifies the semen, liberat- 
ing the sperm for their migration up the female reproductive traet. 
Sperm motility requires energy, which they get from fmetose and 
other sugars provided by the seminal vesieles. The seminal vesieles 



Prostate Diseases 

The prostate gland weighs about 20 g by age 20, remains at 
that weight until age 45 or so, and then begins to grow slowly 
again. By age 70, over 90% of men show some degree of benign 
prostatie hyperplasia (BPH)— noncancerous enlargement of the 
gland. The major eomplieation of BPH is that it eompresses the 
urethra, slows the flow of urine, and sometimes promotes blad- 
der and kidney infeetions. 

Prostate eaneer is the seeond most eommon eaneer in men 
(after lung eaneer); it affeets about 9% of men over the age of 50. 
Prostate tumors tend to form near the periphery of the gland, 
where they do not obstmet urine flow; therefore, they often go 
unnoticed until they cause pain. Prostate eaneer often metas- 
tasizes to nearby lymph nodes and then to the lungs and other 
organs. It is more eommon among Ameriean blaeks than whites 
and is rare among the Japanese. 

The position of the prostate immediately anterior to the rectum 
allows it to be palpated through the reetal wall to eheek for tumors. 
This procedure is ealled digital reetal examination (DRE). Prostate 
eaneer ean also be diagnosed from elevated levels of serine prote- 
ase (also known as prostate speeifie antigen, PSA) and aeid phos- 
phatase (another prostatie enzyme) in the blood. Up to 80% of men 
with prostate eaneer survive when it is deteeted and treated early, but 
only 10% to 50% survive if it spreads beyond the prostatie capsule. 


also contribute lipids ealled prostaglandins —named for their dis- 
eovery in the prostatie fluid of bulls, but later found to be even more 
abundant in the seminal vesiele fluid. Prostaglandins may contribute 
to the passage of sperm from the vagina into the uterus by thinning 
the mucus in the eervieal eanal (see p. 722) and perhaps inducing 
uterine peristaltie eontraetions that suck semen into the uterus. 


The Penis 


The penis 23 serves to deposit semen in the vagina. Half of it is 
an internal root and half is the externally visible shaft and 
glans 24 (fig. 26.9). The glans is the expanded head at the distal 
end of the penis with the external urethral orifiee at its tip. The 
external portion is about 8 to 10 em (3-4 in.) long and 3 em in 
diameter when flaeeid (nonereet); the typieal dimensions of an 
ereet penis are 13 to 18 em (5-7 in.) long and 4 em in diameter. 

The skin is loosely attaehed to the shaft, allowing for expan- 
sion during ereetion. It continues over the glans as the prepuce, or 
foreskin, which is often removed by circumcision. The glans and 
faeing surface of the prepuce are eovered with a mucous membrane 
and have sebaceous glands that produce a waxy seeretion ealled 
smegma . 25 A ventral fold of tissue ealled the frenulum attaehes 
the prepuce to the proximal margin of the glans. The mucous 
membrane of the glans is relatively thin and firmly attaehed to 


20 pro = before; stot = to stand; eommonly misspelled and mispronounced “prostrate” 
21 William Cowper (1666-1709), British anatomist 
22 semen = seed 


23 penis = tail 
24 glans = aeorn 

25 smegmo = unguent, ointment, soap 
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Figure 26.9 Anatomy ofthe Penis. (a) Superficial disseetion of shaft, lateral view. (b) Cross seetion at midshaft. 
Whot is the functionol benefit ofthe corpus spongiosum not hoving o tunico olbugineo? apir 


the imderlying ereetile tissue. In circumcised males, it ehanges 
eharaeter to beeome a thin and less sensitive epidermis. This is an 
example of metaplasia —the transformation of one mature tissue 
type to another (see p. 79). 

Direetional terminology may be a little confusing in the penis, 
because the dorsal side is the one that faees anteriorly, at least 
when the penis is flaeeid, whereas the ventral side of the penis 
faees posteriorly. This is because in most mammals, the penis is 
horizontal, held against the abdomen by skin, and points anteri- 
orly. The urethra passes through its lower, more obviously ventral, 
half. Direetional terminology in the human penis follows the same 
eonvention as for other mammals, even though our bipedal posture 
and more pendulous penis ehange these anatomieal relationships. 

The penis eonsists mainly of three eylindrieal bodies ealled 
ereetile tissues, which fill with blood during sexual arousal and 
account for its enlargement and ereetion. A single ereetile body, 
the corpus spongiosum, passes along the ventral side of the penis 
and eneloses the penile urethra. It expands at the distal end to fill 
the entire glans. Proximal to the glans, the dorsal side of the penis 
has a corpus cavernosum (plural, eorpora eavernosa) on eaeh 
side. Eaeh is ensheathed in a tight fibrous sleeve ealled the tunica 
albuginea, and they are separated from eaeh other by a median 
septum. (Note that the testes also have a tunica albuginea and the 
scrotum also has a median septum.) 


All three eylinders of ereetile tissue are spongy in appearanee and 
eontain numerous tiny blood sinuses ealled lacunae. The partitions 
between lacunae, ealled trabeculae, are eomposed of eonneetive tis- 
sue and smooth trabecular muscle. In the flaeeid penis, trabecular 
muscle tone eollapses the lacunae, which appear as slits in the tissue. 

At the body surface, the penis turns 90° posteriorly and eontin- 
ues inward as the root. The corpus spongiosum terminates at the 
internal end of the root as a dilated bulb, which is ensheathed in 
the bulbospongiosus muscle and anehored in the subcutaneous tis- 
sues of the urogenital triangle (see p. 707). The eorpora eavernosa 
diverge like the arms of a Y. Eaeh arm, ealled a crus (pronounced 
“emss”; plural, crura ), attaehes the penis to the pubic areh of the 
pelvis and to the perineal membrane on its respeetive side. Eaeh 
ems is enveloped by an ischiocavernosus muscle. 

The penis reeeives blood from a pair of internal pudendal 
(penile) arteries, which braneh from the internal iliae arter- 
ies. As eaeh artery enters the root of the penis, it divides in two. 
One braneh, the dorsal artery, travels dorsally along the penis 
not far beneath the skin, supplying blood to the skin, faseia, and 
corpus spongiosum. The other braneh, the deep artery, travels 
through the eore of the corpus cavernosum and gives off smaller 
helieine 26 arteries, which penetrate the trabeculae and empty into 


26 helic = eoil, helix 
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the lacunae. There are numerous anastomoses between the dorsal 
and deep arteries, so neither of them is the exclusive source of 
blood to any one ereetile tissue. 

When the deep arteries dilate, the lacunae fill with blood and the 
ereetile tissues swell. The tunica albuginea around the eorpora eav- 
ernosa eannot expand much, so pressure builds espeeially in these 
two ereetile tissues and the penis beeomes elongated and ereet. The 
corpus spongiosum beeomes less engorged, but swells and beeomes 
more visible as a eordlike ridge along the ventral surface of the 
penis. When the penis is flaeeid, most of its blood supply eomes 
from the dorsal arteries. A median deep dorsal vein drains blood 
from the penis. It mns between the two dorsal arteries beneath the 
deep faseia and empties into a plexus of prostatie veins. 

The penis is riehly innervated by sensory and motor nerve 
fibers. The glans has an abundance of taetile, pressure, and tem- 
perature reeeptors, espeeially on its proximal margin and frenu- 
lum. They lead by way of a pair of prominent dorsal nerves to the 
internal pudendal nerves, then via the saeral plexus to spinal eord 
segments S2 to S4. Sensory fibers of the shaft, scrotum, perineum, 
and elsewhere are also highly important to sexual stimulation. 

Both autonomic and somatie motor fibers earry signals from 
integrating eenters in the spinal eord to the penis and other pelvie 



Reproductive Effeets of Pollution 

ln reeent deeades, wildlife biologists have notieed inereasing 
numbers of male birds, fish, and alligators with a variety of abnor- 
malities in reproductive development. These deformities have 
been attributed to ehemieal pollutants ealled endoerine disrup- 
tors or estrogen mimies. Evidenee is mounting that humans, too, 
are showing deelining fertility and inereasing anatomieal abnor- 
malities due to pollutants in water, meat, vegetables, and even 
breast milk and the uterine environment. 

Over the last several deeades, there has been an alarming 
inerease in the ineidenee of eryptorehidism (undescended testes) 
and hypospodios (a eondition in which the urethra opens on the 
ventral side of the penis instead of at the tip). The rate of testicular 
eaneer has more than tripled in that time. Data on 15,000 men 
from several countries also show a sharp drop in average sperm 
count—from 113 million/mL in 1940 to only 66 million/mL in 1990. 
Total sperm production deereased even more, because the aver- 
age volume of semen per ejaculate dropped 19% over this period. 

The pollutants implieated in this trend include a wide array of 
eommon herbieides, inseetieides, industrial ehemieals, and break- 
down products of materials ranging from plasties to dishwashing 
detergents. Some authorities think these ehemieals aet by mimiek- 
ing estrogens or bloeking testosterone reeeptors. Other seientists 
question the data and feel the issue may be overstated, but there 
is nevertheless a strong interest at this time in sereening industrial 
ehemieals for endoerine effeets. In 1996, the U.S. Oongress direeted 
the Environmental Proteetion Ageney to sereen and test thousands 
of environmental eontaminants for endoerine effeets, but the pro- 
gram beeame mired in bureaucracy and made little progress. 


organs. Sympathetie nerve fibers arise from levels T12 to L2, pass 
through the hypogastrie and pelvie nerve plexuses, and innervate 
the penile arteries, trabecular muscle, spermatie ducts, and aeees- 
sory glands. They dilate the penile arteries and ean induce ereetion 
even when the saeral region of the spinal eord is damaged. They 
also initiate ereetion in response to input from the speeial senses 
and to sexual thoughts. 

Parasympathetie fibers extend from segments S2 to S4 of the 
spinal eord through the pudendal nerves to the arteries of the penis. 
They are involved in an autonomic reflex are that causes ereetion in 
response to direet stimulation of the penis and other perineal organs. 


Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 
preeeding seetion: 

3. Name the stages of spermatogenesis from spermatogo- 
nium to spermatozoon. How do they differ in the number of 
ehromosomes per eell and ehromatids per ehromosome? 

4. Name two types of eells in the testis other than the germ 
eells, and deseribe their loeations and functions. 

5. Deseribe the three major parts of a spermatozoon and 
state what organelles or eytoskeletal eomponents are 
eontained in eaeh. 

6. Name all the ducts the sperm follow, in order, from the time 
they form in the testis to the time of ejaculation. 

7. Deseribe the loeations and functions of the seminal 
vesieles, prostate, and bulbourethral glands. 

8. Name the ereetile tissues of the penis, and deseribe their 
loeations relative to eaeh other. 




26.3 





The Female Reproductíve 

System apjr 


Expected Learning Outcomes 

When you have eompleted this seetion, you should be able to 

a. deseribe the structure of the ovary; 

b. deseribe the stages of oogenesis and how these 
relate to ehanges in histology of the ovarian follieles; 

e. traee the female reproductive traet and deseribe the 
gross anatomy and histology of eaeh organ; 

d. deseribe ehanges in the uterine lining through the 
menstrual eyele; 

e. identify the ligaments that support the female 
reproductive organs; 

f. deseribe the blood supply to the female reproductive 
traet; 

g. identify the external genitalia of the female; and 

h. deseribe the structure of the nonlaetating breast and 
laetating mammary gland. 
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Figure 26.10 shows the female reproductive traet. The prineipal 
reproductive organs of the pelvie eavity are the ovaries, uterine 
tubes, uterus, and vagina, which will be deseribed in that order. 


The Ovaries 


The female gonads are the ovaries, 27 which produce egg eells 
(ova) and sex hormones. The ovary is an almond-shaped organ 
nestled in a depression of the posterior pelvie wall ealled the 
ovarian fossa. It measures about 3 em long, 1.5 em wide, and 
1 em thiek. Its capsule, like that of the testis, is ealled the tunica 
albuginea. The interior of the ovary is indistinetly divided into 
a eentral medulla and an outer cortex (fig. 26.1 1). The medulla 
is a eore of fibrous eonneetive tissue occupied by the prineipal 
arteries and veins of the ovary. The cortex is the site of the ovar- 
ian follieles, eaeh of which eonsists of one developing ovum 
surrounded by numerous small follicular eells. The ovary does 


not have a system of tubules like the testis; eggs are released 
one at a time by the bursting of the follieles (ovulation). In 
ehildhood, the ovaries are smooth-surfaced. During the repro- 
ductive years, they beeome more eormgated because growing 
follieles of various stages produce bulges in the surface. After 
menopause, the ovaries beeome shmnken and eomposed mostly 
of sear tissue. 

The ovaries and other internal genitalia are held in plaee by 
several eonneetive tissue ligaments (fig. 26.12). The medial pole 
of the ovary is attaehed to the uterus by the ovarian ligament and 
its lateral pole is attaehed to the pelvie wall by the suspensory 
ligament. The anterior margin of the ovary is anehored by a peri- 
toneal fold ealled the mesovarimn. 28 This ligament extends to a 
sheet of peritoneum ealled the broad ligament, which flanks the 
uterus and eneloses the uterine tube in its superior margin. If you 
picture these ligaments as a sideways T (H), the vertieal bar would 
represent the broad ligament—flanking the uterus and enfolding 


27 ov = egg; ary = plaee for 


28 mes = middle; ovari = ovary 
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Figure 26.10 The 


Female Reproductive System. See figure A.14b (p. 342) for a eorresponding eadaver disseetion photograph. 










































CHAPTER TWENTY-SIX 


The Reproductive System 


777 


Ovarian 
ligament 


Medulla 


Cortex 


Tunica 


albuginea 

Corpus 
albieans 

Corpu 
luteum 


Fimbriae 
of uterine 
tube 


Primordial 

follieles 


Seeondary 

folliele 


Ooeyte 


Suspensory ligament 
and blood vessels 



Ovulated 

ooeyte 


Figure 26.11 Structure of the Ovary. Arrows indieate the developmental sequence of the ovarian follieles; follieles do not migrate around the 


ovary, and not all the folliele types illustrated here are present simultaneously. 


APIR 


the uterine tube at its upper end—and the horizontal bar would 
represent the mesovarium enfolding the ovary at its free end. 

The ovary reeeives blood from two arteries: the ovarian 
braneh of the uterine artery, which passes through the mes- 
ovarium and approaehes the medial pole of the ovary, and the 
ovarian artery, which passes through the suspensory ligament 
and approaehes the lateral pole (see fig. 26.18). The ovarian 
artery is the female equivalent of the male testicular artery, aris- 
ing high on the aorta and traveling down to the gonad along the 
posterior body wall. The ovarian and uterine arteries anastomose 
along the margin of the ovary and give off multiple small arteries 
that enter the ovary on that side. Ovarian veins, lymphaties, and 
nerves also travel through the suspensory ligament. The veins 
and lymphaties follow a course similar to those of the testes 
deseribed earlier. 


Oogenesis and Folliculogenesis ap:r 


The most conspicuous feature of the ovary, upon mieroseopie exam- 
ination, is a variety of follieles in various developmental stages 
(fig. 26.11). To make sense of its appearanee requires at least a basie 
understanding of the proeesses of egg and folliele development. 


Egg production is ealled oogenesis 29 (OH-oh-JEN-eh-sis) 
(fig. 26.13). Like spermatogenesis, it employs meiosis and pro- 
duces haploid gametes. It differs from spermatogenesis in other 
respeets, however: It is not a continual proeess, but occurs in a 
rhythm ealled the ovarian eyele, and for eaeh original germ eell 
(oogonium), it produces only one functional gamete. The other 
daughter eells are tiny polar bodies that soon die. 

Female primordial germ eells arise, like those of the male, 
from the yolk sae of the embryo. They eolonize the gonadal 
ridges in the first 5 to 6 weeks and then differentiate into oogonia 
(OH-oh-GO-nee-uh). All of these beeome primary ooeytes by 
the time of birth. Furthermore, most of them die in ehildhood—a 
“weeding out” proeess ealled atresia. The survivors remain dor- 
mant until puberty. Any stage from the primary ooeyte to the 
time of fertilization ean be ealled an egg or ovum. A girl has 
about 200,000 eggs at the onset of puberty, and they are eonsid- 
ered to be her lifetime supply of germ eells. 

A female in her reproductive years typieally ovulates , or 
releases an egg from the ovary, about 14 days after the start of 
eaeh menstmal period. That particular egg has a long history. 


29 oo = egg; genesis = production 
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Figure 26.12 The Female Reproductive Traet and Supportive Ligaments. (a) Posterior view of the reproductive traet. (b) Relationship of the 
uterine tube and ovary to the supporting ligaments. (e) Anterior view of the major female reproductive organs from a eadaver. AP R 
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ure 26.11 Oogenesis (Left) and Corresponding Development of the Folliele (Right). 
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Except during pregnaney and laetation, a eohort of 20 to 25 
follieles is awakened eaeh month from its ehildhood dormaney. 
Their eggs begin a proeess of renewed development until one of 
them ovulates about 290 days later. The reason that a woman ovu- 
lates onee a month is not because it takes only a month for the 
egg to develop, but because these 290-day ovarian eyeles occur in 
overlapping waves. 

A reaetivated primary ooeyte eompletes meiosis I, dividing 
into a large seeondary ooeyte and a small eell ealled the first polar 
body (fig. 26.13). Meiosis I reduces the ehromosome number by 
half, so the seeondary ooeyte is haploid. It retains as much of the 
eytoplasm as possible, so that if it is fertilized, it ean divide repeat- 
edly and produce the numerous daughter eells needed to constitute 
an embryo. Splitting eaeh ooeyte into four equal but small parts 
would mn counter to this purpose. The first polar body is simply 
a way of disearding the other haploid set of ehromosomes, and it 
soon dies. The seeondary ooeyte begins meiosis II and then goes 
into developmental arrest again until after ovulation. If this egg 
is fertilized, it eompletes meiosis II and produces a seeond polar 
body. If not fertilized, it dies and never finishes meiosis. 

The stages of oogenesis are aeeompanied by folliculogenesis, 
a series of ehanges in the folliele. The primary ooeyte is ini- 
tially enelosed in a primordial folliele, eomposed of a single 
layer of squamous follicular eells applied tightly to the ooeyte 
(fig. 26.14a). Primordial follieles are eoneentrated near the surface 
of the ovary. As the egg develops and enlarges, the follicular eells 
around it expand into a cuboidal shape; a folliele with a single 
layer of cuboidal eells around the egg is termed a primary folliele. 
While the egg enlarges still more, the follicular eells multiply and 
pile atop eaeh other. Onee they form two or more layers, the eells 
are ealled granulosa eells and the folliele is ealled a seeondary 
folliele. Granulosa eells seerete a layer of glyeoprotein gel, the 
zona pellucida, 30 around the egg while the eonneetive tissue sur- 
rounding them eondenses into a fibrous husk ealled the theea 31 


folliculi (THEE -ea fol-IC-you-lye). The theea and granulosa eells 
are the female’s primary source of estrogen. 

Most of the primary and seeondary follieles degenerate with 
no further development, but a few of them begin to seerete pools 
of estrogen-rieh follicular fluid among the granulosa eells. Onee 
these poekets of fluid appear, the folliele is ealled a tertiary 
folliele. The fluid pools grow and merge until they form a single 
eavity, the antrum; because of this, tertiary and mature follieles 
are also ealled antral follieles. By this time, the theea folliculi 
also has further differentiated into two layers—an outer, fibrous 
theea externa and an inner, cellular theea interna. Follieles reaeh 
the antral stage about 40 to 50 days before ovulation. About 20 
days before ovulation, one of them is somehow seleeted to be the 
dominant folliele, the one destined to ovulate. The others undergo 
atresia—they die. 

During the week leading up to ovulation, the dominant folliele 
enlarges to as much as 2.5 em in diameter and bulges like a blister from 
the surface of the ovary. It is now ealled a mature (graafian 32 ) folliele 
(fig. 26.14b). Its ooeyte is held against the follicular wall by a mound 
of granulosa eells ealled the cumulus oophorus 33 (CUE-mew-lus 
oh-OFF-or-us). The gelatinous zona pellucida still separates the 
granulosa eells from the ooeyte and appears as a elear spaee in his- 
tologieal seetions. The innermost layer of cumulus eells is ealled the 
eorona radiata. 34 Mierovilli from the eorona eells and the ooeyte 
span the zona pellucida. Like the blood-testis barrier of the male, 
the zona pellucida proteets the egg from antibodies and other harm- 
ful ehemieals, ensuring that nothing ean get to the egg without being 
sereened by the eorona eells. 

AP| R Ovulation, typieally occurring around day 14 of the men- 
stmal eyele, takes only 2 or 3 minutes. A nipplelike stigma appears 
on the ovarian surface overlying the mature folliele. The folliele 
ruptures, releasing the ooeyte through the stigma (fig. 26.15). The 
rest of the folliele eollapses and bleeds into the antmrn. As the elotted 


30 zona = zone; pellucid = elear, transparent 
31 f/?eco = box, ease 


32 Reijnier de Graaf (1641-73), Dutch physiologist and histologist 
33 cumulus = little mound; oo = egg; phor = to earry 
3A corona = erovvn; radiata = radiating 
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Figure 26.14 Ovarian Follieles. (a) Primordial and primary follieles. Note the very thin layer of squamous eells around the ooeyte in a primordial 
folliele, and the single layer of cuboidal eells in a primary folliele. (b) A mature (graafian) folliele. Just before ovulation, this folliele will grow to as 

much as 2.5 em (1 in.) in diameter. ap : r 
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Figure 26.15 Endoseopie Photograph of Human Ovulation. The 

ooeyte is shrouded by a blanket of cumulus oophoms eells. 


The wall of the uterine tube is well endowed with smooth mus- 
ele. Its mucosa is highly folded into longitudinal ridges and has an 
epithelmm of eiliated eells and a smaller number of seeretory peg 
eells ( ig. 26.16). The eilia beat toward the uterus and, with the help 
of muscular eontraetions of the tube, eonvey the egg in that direetion. 


The Uterus 

The uterus 41 is a thiek muscular ehamber that opens into the roof 
of the vagina and usually tilts forward over the urinary bladder (see 
figs. 26.10 and 26.12). Its function is to harbor the fetus, provide it 
with a source of nutrition (the plaeenta, eomposed partially of uterine 
tissue), and expel the fetus at the end of gestation (pregnaney). It is 
somewhat pear-shaped, with a broad superior curvature ealled the 
fundus, a midportion ealled the body (corpus), and a narrow inferior 
end ealled the cervix. The uterus measures about 7 em from cervix 
to fundus, 4 em wide at its broadest point on the fundus, and 2.5 em 
thiek, but it is somewhat larger in women who have been pregnant. 

The lumen of the uterus is roughly triangular, with its two 
upper eorners opening into the uterine tubes. In the nonpregnant 
uterus, the lumen is not a hollow eavity but rather a potential 
spaee (see p. 18); the mucous membranes of the opposite walls 


blood is slowly absorbed, granulosa and theea interna eells multiply 
and fill the antmrn, and a dense bed of blood eapillaries grows amid 
them. The ovulated folliele has now beeome a structure ealled the 
corpus luteum, 35 named for a yellow lipid that accumulates in the 
theea interna eells (see fig. 26.11). These eells are now ealled lutein 
eells. The corpus luteum seeretes a large amount of progesterone, 
which stimulates the uterus to prepare for possible pregnaney. 

If pregnaney does not occur, the corpus luteum atrophies from 
days 24 to 26—a proeess ealled involution. By day 26 or so, involu- 
tion is eomplete and the corpus luteum beeomes an inaetive sear, the 
corpus albieans. 36 If pregnaney occurs, however, the corpus luteum 
remains aetive for about 3 months, producing progesterone to sustain 
the early pregnaney. The plaeenta eventually takes over that task. 

These events in the ovarian eyele are eorrelated with ehanges 
in uterine histology, which we will examine later. 


The Uterine Tubes 

An ovulated ooeyte is swept into the uterine tube, also ealled the 
oviduct or fallopian 37 tube (see fig. 26.10). The tube is a eiliated 
eanal about 10 em long leading from the ovary to the uterus. At the 
distal (ovarian) end, it flares into a tmmpet-shaped infundibulum 38 
with feathery projeetions ealled fimbriae 39 (FIM-bree-ee); the mid- 
dle and longest part of the tube is the ampidla; and the segment 
near the uterus is a narrower isthmus. The uterine tube is enelosed 
in the mesosalpinx 40 (MEZ-oh-SAL-pinks), which is the superior 
margin of the broad ligament. 


35 corpus = body; lute = yellovv 
36 corpus = body; olb = vvhite 

37 Gabriele Fallopio (1528-62), Italian anatomistand physieian 
38 infundibulum = funnel 
39 fimbria = fringe 

40 /r?eso = mesentery; soipin = trumpet 


41 i/feri/s = vvomb 



Figure 26.16 Epithelial Lining of the Llterine Tube. Seeretory 

eells are shown in red and green, and eilia of the eiliated eells in yellow 

(SEM). AP!R 
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are pressed together with little room between them. The lumen 
communicates with the vagina by way of a narrow passage through 
the cervix ealled the eervieal eanal. The superior opening of this 
eanal into the body of the uterus is the internal os 42 (pronounced 
“oz” or “ose”), and its opening into the vagina is the external os. 
The eanal eontains eervieal glands that seerete mucus, thought 
to prevent the spread of mierobes from the vagina into the uterus. 
Near the time of ovulation, the mucus beeomes thinner than usual 
and allows easier passage for sperm. 

The Llterine Wall 

The uterine wall eonsists of an external serosa ealled the peri- 
metrium, a middle muscular layer ealled the myometrinm, and 
an inner mucosa ealled the endometrium. The perimetrium is 
eomposed of simple squamous epithelium overlying a thin layer 
of areolar tissue. The myometrium, 43 about 1.25 em thiek in the 
nonpregnant uterus, constitutes most of the wall. It is eomposed 
mainly of bundles of smooth muscle that sweep downward from 
the fundus and spiral around the body of the uterus. The myome- 
trium is less muscular and more fibrous near the cervix; the cervix 
itself is almost entirely fibrous (collagenous). The muscle eells of 
the myometrium are about 40 pm long immediately after menstm- 
ation, twice this long at the middle of the menstmal eyele, and up 
to 10 times as long in pregnaney. The function of the myometrium 
is to produce the labor eontraetions that help to expel the fetus. 

The inner lining of the uterus, or mucosa, is ealled the 
endometrium. 44 It has a simple columnar epithelium, compound 
tubular glands, and a stroma populated by leukocytes, maerophages, 
and other eells (fig. 26.17). The superficial half to two-thirds of it, 
ealled the functional layer (stratum functionalis), is shed in eaeh 
menstmal period. The deeper layer, ealled the basal layer (stratum 
basalis), stays behind and regenerates a new functionalis in the next 
eyele. When pregnaney occurs, the endometrium is the site of attaeh- 
ment of the embryo and forms the maternal part of the plaeenta. 

Ligaments 

The uterus is supported by the muscular floor of the pelvie outlet 
and folds of peritoneum that form supportive ligaments around the 
organ, as they do for the ovary and uterine tube (see fig. 26.12). 
The broad ligament has two parts: the mesosalpinx mentioned 
earlier and the mesometrium on eaeh side of the uterus. The eer- 
vix and superior part of the vagina are supported by eardinal 
(lateral eervieal) ligaments extending to the pelvie wall. A pair of 
uterosacral ligaments attaeh the posterior surface of the uterus to 
the saemm, and a pair of round ligaments arise from the anterior 
surface of the uterus, pass through the inguinal eanals, and terminate 
in the labia maj ora. 

As the peritoneum folds around the various pelvie organs, it ere- 
ates several dead-end reeesses and pouches (extensions of the perito- 
neal eavity). Two major ones are the vesicouterine 45 pouch, which 
forms the spaee between the uterus and urinary bladder, and the 
rectouterine pouch between the uterus and rectum (see fig. 26.10). 
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Figure 26.17 Histology of the Endometrium. This shows only the 


functional layer. 
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Blood Supply 

The uterine blood supply is particularly important to the men- 
stmal eyele and pregnaney. A uterine artery arises from eaeh 
internal iliae artery and travels through the broad ligament to the 
uterus (fig. 26.18). It gives off several branehes that penetrate into 
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43 myo = muscle; metr = uterus 
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Figure 26.18 Blood Supply to the Female Reproductive Traet. 

The vaginal, uterine, and ovarian arteries are exaggerated in length by 
the perspeetive ofthe drawing, moving the aorta away from the uterus 
for elarity. 
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the myometrium and lead to arcuate arteries. Eaeh arcuate artery 
travels in a eirele around the uterus and anastomoses with the 
arcuate artery on the other side. Along its course, it gives rise to 
smaller arteries that penetrate the rest of the way through the myo- 
metrium, into the endometrium, and produce the spiral arteries. 
Spiral arteries eoil between the endometrial glands toward the 
surface of the mucosa. They rhythmieally eonstriet and dilate, 
making the mucosa alternately blaneh and flush with blood. 


Cyclic Changes in llterine Histology 

Uterine histology is not eonstant. In fertile women, it ehanges 
throughout the menstrual eyele, the monthly rhythm of endometrial 
buildup, breakdown, and diseharge. This eyele averages 28 days long, 
with day 1 eonsidered to be the first day of visible vaginal diseharge 
of menstmal fluid. Why that diseharge occurs is best understood by 
first eonsidering the histologieal ehanges leading up to it. 

The proliferative phase is a time of rebuilding of endometrial 
tissue lost at the last menstmation. At the end of menstmation, 


around day 5, the endometrium is about 0.5 mm thiek and eonsists 
only of the basal layer. The functional layer is rebuilt by mitosis 
from day 6 to day 14, under the influence of estrogen from the 
growing ovarian follieles. By day 14, the endometrium is about 
2 to 3 mm thiek (fig. 26.19a). 

The seeretory phase is a period of further endometrial 
thiekening, but results from seeretion and fluid accumulation 
rather than mitosis. It extends from day 15 (after ovulation) 
to day 26 of a typieal eyele, and is stimulated by progesterone 
from the corpus luteum. In this phase, the endometrial glands 
grow wider, longer, and more eoiled. As a result of the eoil- 
ing, a vertieal seetion through the endometrium shows these 
glands with a sawtooth or zigzag appearanee (fig. 26.19b). 
Endometrial eells and the uterine stroma accumulate glyeo- 
gen during this phase. By the end of the seeretory phase, the 
endometrium is about 5 to 6 mm thiek—a soft, wet, nutri- 
tious bed available for embryonie development in the event of 
pregnaney. 


Endometrial 

gland 


Functional 

layer 


Spiral artery 


Basal layer 


Myometrium 




Seeretion 





(a) Proliferative phase 


(b) Seeretory phase 


(e) Menstmal phase 


Figure 26.19 Endometrial Changes Through the Menstmal Cycle. (a) Late proliferative phase. The endometrium is 2 to 3 mm thiek and 
has relatively straight, narrow endometrial glands. Spiral arteries penetrate upward between the endometrial glands. (b) Seeretory phase. The 
endometrium has thiekened to 5 to 6 mm by accumulation of glyeogen and mucus. The endometrial glands are much wider and more distinetly 
eoiled, showing a zigzag or “sawtooth” appearanee in histologieal seetions. (e) Menstmal phase. isehemie tissue has begun to die and fall away from 
the uterine wall, with bleeding from broken blood vessels and pooling of blood within the tissue and in the uterine eavity. 
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The premenstrual phase is a period of endometrial degen- 
eration occuring in the last 2 days or so of the menstmal eyele. 
When the corpus luteum involutes, the spiral arteries exhibit spas- 
modie eontraetions that cause endometrial isehemia (intermpted 
blood flow). The premenstmal phase is therefore also ealled the 
isehemie (iss-KEE-mie) phase. isehemia leads to tissue neerosis. 
As the endometrial glands, stroma, and blood vessels degenerate, 
pools of blood accumulate in the stratum functionalis. Neerotie 
endometrium falls away from the uterine wall, mixes with blood 
and serous fluid in the lumen, and forms the menstrual fluid 
(fig. 26.19c). 

The menstrual phase (menses) begins when enough men- 
stmal fluid has accumulated in the uterus that it begins to be dis- 
eharged vaginally. The first day of external diseharge marks day 1 
of a new eyele. 


The Vagina 


The vagina 46 is a tube about 8 to 10 em long that allows for the dis- 
eharge of menstmal fluid, reeeipt of the penis and semen, and birth 
of a baby. The vaginal wall is thin but very distensible. It eonsists 
of an outer adventitia, a middle muscularis, and an inner mucosa. 
The vagina tilts posteriorly between the urethra and rectum; the 
urethra is bound to its anterior wall. The vagina has no glands, 
but it is lubricated by the transudation (“vaginal sweating”) of 
serous fluid through its walls and by mucus from the eervieal 
glands above it. The vagina extends slightly beyond the cervix 
and forms blind spaees ealled forniees 47 (FOR-nih-sees; singular, 
fornix ) surrounding it (see fig. 26.10). 

The lower end of the vagina has transverse frietion ridges, or 
vaginal rugae, which contribute to both male and female stimula- 
tion during intercourse. At the vaginal orifiee, the mucosa folds 
inward and forms a membrane, the hymen, which stretehes aeross 
the opening. The hymen has one or more openings to allow men- 
stmal fluid to pass, but it usually must be ruptured to allow for 
intercourse. A little bleeding often aeeompanies the first aet of 
intercourse; however, the hymen is eommonly ruptured before then 
by tampons, medieal examinations, or strenuous exercise. 

The vaginal epithelium is simple cuboidal in ehildhood, but 
the estrogens of puberty transform it into a stratified squamous 
epithelium. This is another example of metaplasia. The epithe- 
lial eells are rieh in glyeogen. Baeteria ferment this to laetie aeid, 
which produces a low vaginal pH (about 3.5-4.0) that inhibits the 
growth of pathogens. The mucosa also has antigen-presenting 
eells ealled dendritie eells, which normally help in defense 
against infeetion but which also are a route by which HIV invades 
the female body. 



Apply What You Know 

Why do you think the vaginal epithelium ehanges type at 
puberty? Of all types of epithelium it might beeome, why 
stratified squamous? 


A6 vagina = sheath 
A1 fornix = areh, vault 


The External Genitalia 

The external genitalia of the female occupy most of the perinemn, 
and are eolleetively also known as the vulva 48 or pudendum 49 
(fig. 26.20). The perineum has the same skeletal landmarks 
in the female as in the male. The muscle layers of the female 
perineum are of speeial importanee in obstetries (see table 11.8 
and figure 11.16, pp. 287-288). 

The mons 50 pubis (see fig. l.lOa, p. 14) eonsists mainly of an 
anterior mound of adipose tissue overlying the pubic symphysis, 
eovered with skin and bearing pubic hair. The labia majora 51 
(singular, labium majus ) are a pair of thiek folds of skin and adi- 
pose tissue inferior to the mons, between the thighs; the fissure 
between them is the pudendal eleft. Pubic hair grows on the lateral 
surfaces of the labia majora at puberty, but the medial surfaces 
are hairless. Medial to the labia majora are entirely hairless and 
much thinner labia minora 52 (singular, labium minus). The area 
enelosed by them, ealled the vestibule, eontains the urinary and 
vaginal orifiees. At the anterior margin of the vestibule, the labia 
minora meet and form a hoodlike prepuce over the elitoris. 

The elitoris 53 (CLIT-er-is or eli-TOR-is) is structured much 
like the penis in many respeets, but has no urinary role. Its function 
is entirely sensory, serving as the primary eenter of sexual stimula- 
tion. Unlike the penis, it is almost entirely internal, it has no corpus 
spongiosum, and it does not enelose the urethra. Essentially, it is a 
pair of eorpora eavernosa enelosed in eonneetive tissue. Its head, 
the glans, protmdes slightly from the prepuce. The body (corpus) 
passes internally, inferior to the pubic symphysis (see fig. 26.10). 
At its internal end, the eorpora eavernosa diverge like a Y as a pair 
of crura, which, like those of the penis, attaeh the elitoris to eaeh 
side of the pubic areh. The circulation and innervation of the elito- 
ris are largely the same as for the penis. 

Just deep to the labia majora, a pair of subcutaneous eree- 
tile tissues ealled the vestibular bulbs braeket the vagina like 
parentheses. They beeome eongested with blood during sexual 
excitement and cause the vagina to tighten somewhat around the 
penis, enhaneing sexual stimulation. 

Next to the vagina are a pair of pea-sized greater vestibular 
(Bartholin 54 ) glands with short ducts opening into the vestibule 
or lower vagina ( ig. 26.20b). These are the counterpart to the 
bulbourethral glands of the male. They keep the vulva moist, and 
during sexual excitement they provide most of the lubrication for 
intercourse. The vestibule is also lubricated by a number of lesser 
vestibular glands. A pair of mucous paraurethral (Skene 55 ) 
glands opens into the vestibule near the external urethral orifiee. 
These glands may ejeet fluid, sometimes abundantly, during 
orgasm (“female ejaculation”). They arise from the same embry- 
onie structure as the male prostate, and their fluid is similar to the 
prostatie seeretion. 


48 vulva = eovering 

49 pudend = shameful 

50 mons = mountain 

51 /oò/ = lip; maj'or = larger, greater 

52 minor = smaller, lesser 

53 origin uncertain; possibly from kleis = door key, or klei + ein = to elose 
54 Caspar Bartholin (1655-1738), Danish anatomist 
55 Alexander J. C. Skene (1838-1900), Ameriean gyneeologist 
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Figure 26.20 The Female Perineum. (a) Surface anatomy. 

(b) Subcutaneous structures. 

Wh\ch ofthe glands in part (b) is homologous to the male prostate 
gland? APIR 


The Breasts and Mammary Glands 

The mature female breast (fig. 26.21) is a mound of tissue over- 
lying the peetoralis major. It enlarges at puberty and remains so 
for life, but most of this time it eontains very little mammary 
gland. The mammary gland develops within the breast during 
pregnaney, remains aetive in the laetating breast, and atrophies 
when a woman eeases to nurse. 

The breast has two prineipal regions: the eonieal to pendu- 
lous body, with the nipple at its apex, and an extension toward 
the armpit ealled the axillary tail. Lymphaties of the axil- 
lary tail are espeeially important as a route of breast eaneer 
metastasis. 

The nipple is surrounded by a circular eolored zone, the areola. 
Dermal blood eapillaries and nerves eome eloser to the surface 
here than in the surrounding skin and make the areola more sen- 
sitive and darker in eolor. In pregnaney, the areola and nipple 
often darken further, making them more visible to the indistinet 
vision of a nursing infant. Sensory nerve fibers of the areola 
are important in triggering a milk ejeetion reflex when an infant 
nurses. The areola has sparse hairs and areolar glands, visible 
as small bumps on the surface. These glands are intermediate 
between sweat glands and mammary glands in their degree of 
development. When a woman is nursing, seeretions of the areolar 
glands and sebaceous glands proteet the areola from ehapping and 
eraeking. The dermis of the areola has smooth muscle fibers that 
eontraet in response to eold, touch, and sexual arousal, wrinkling 
the skin and ereeting the nipple. 

Internally, the nonlaetating breast eonsists mostly of adipose 
and collagenous tissue (fig. 26.21). Breast size is determined by 
the amount of adipose tissue and has no relationship to the amount 
of milk the mammary gland ean produce. Suspensory ligaments 
attaeh the breast to the dermis of the overlying skin and to the 
faseia of the peetoralis major. The nonlaetating breast eontains 
very little glandular tissue, but it does have a system of ducts 
branehing through its eonneetive tissue stroma and eonverging 
on the nipple. 

When the mammary gland develops during pregnaney, it 
exhibits 15 to 20 lobes arranged radially around the nipple, sepa- 
rated from eaeh other by fibrous stroma. Eaeh lobe is drained by 
a lactiferous 56 duct, which dilates to form a lactiferous sinus 
opening onto the nipple. Internally, this duct branehes repeatedly 
with the finest branehes ending in saes ealled aeini. The aeini 
are organized into grapelike clusters (lobules) within eaeh lobe 
of the breast. Eaeh acinus eonsists of a sae of pyramidal seere- 
tory eells arranged around a eentral lumen (see fig. 3.29, p. 76). 
Like an orange in a plastie mesh bag, the acinus is surrounded 
by a network of eontraetile myoepithelial eells around the 
seeretory eells (fig. 26.21d). When a woman nurses, stimu- 
lation of the nipple induces the posterior lobe of the pituitary 
gland to seerete oxytocin. Oxytocin stimulates the myoepithe- 
lial eells to eontraet, squeezing milk from the aeini into the 
lactiferous ducts. 


56 /ocf = mi I k; fer = to earry 
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Figure 26.21 The Breast. Parts (a), (e), and (d) depiet the breast in a laetating state. Some of the features in (a) and (e) are absent from the 
nonlaetating breast in part (b). The cluster of lobules boxed in (e) would eontain numerous mieroseopie aeini like the one in (d). Part (d) is not to be 
eonstmed as an enlargement ofthe entire boxed area of (e). 

• What is the function ofthe myoepitheliol eells in (d)? AP\ R 


© Dr. Donald Favveett/Seienee Source From Anatomy & Physiology Reveoled, © MeGravv-Hill Education/The llniversity of 

Toledo, photography and disseetion 
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Before You Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

9. What are the stages of oogenesis? Deseribe all the vvays in 
vvhieh it differs from spermatogenesis. 

10. Deseribe the ehanges that occur in the ovarian follieles and 

uterine endometrium over the course of the ovarian and 
menstrual eyele. 

11. Hovv does the structure of the uterine tube mucosa relate 
to its function? 

12. What structures are externally visible in the vulva? Deseribe 

their anatomieal arrangement. 

13. Name the aeeessory glands of the vulva and state their 

loeations and functions. 

14. Hovv does the structure of the nonlaetating breast differ 

from that of the laetating breast? What is the differenee 
betvveen the breast and the mammary gland? 



Developmental and Clinical 
Perspeetives 


Expected Learning Outcomes 


When you have eompleted this seetion, you should be able to 

a. explain how sexual differentiation is determined by 
the sex ehromosomes and prenatal hormones; 

b. deseribe the embryonie development of the 
reproductive system; 

e. deseribe what aspeets of anatomieal development 
the male and female have in eommon, and how they 
beeome differentiated from eaeh other; 

d. summarize the ehanges in reproductive function that 
occur in old age; and 

e. deseribe some reproductive disorders of eaeh sex. 


Prenatal Development and 
Sexual Differentiation 


ridge are two ducts, the mesonephrie 57 and paramesonephrie 58 
ducts. In males, the mesonephrie ducts develop into parts of the 
reproductive traet, and the paramesonephrie ducts degenerate. In 
females, the opposite occurs (fig. 26.22). 

The differentiation of these ducts into the organs of one sex 
or the other is determined by an interaetion between genes and 
hormones. If the zygote has sex ehromosomes X and Y, it is 
normally destined to develop into a male; if it has two X ehromo- 
somes and no Y, it will develop into a female. Thus, the sex of 
a ehild is determined at eoneeption (fertilization), depending on 
whether the egg (always X) is fertilized by an X- or a Y-bearing 
sperm. 

But why? The answer lies in the Y ehromosome, where a 
gene ealled SRY (sex-determining region of the Y) eodes for 
a protein ealled testis-determining faetor (TDF). TDF then 
interaets with genes on some of the other ehromosomes, includ- 
ing a gene on the X ehromosome for androgen reeeptors and 
genes that initiate the development of male anatomy. By 8 to 
9 weeks, the male gonadal ridge has beeome a rudimentary 
testis whose interstitial eells begin to seerete testosterone. 
Testosterone stirmdates the mesonephrie duct to develop into 
the system of male reproductive ducts. Sustentacular eells of 
the fetal testis seerete a hormone ealled miillerian-inhibiting 
faetor (MIF), after the former name of the paramesonephrie 
(miillerian) duct. MIF causes atrophy of the paramesonephrie 
duct. Even an adult male, however, retains a tiny Y-shaped ves- 
tige of the paramesonephrie ducts, like a vestigial uterus and 
uterine tubes, in the area of the prostatie urethra. It is named 
the prostatie utricle. 59 

In a female fetus, the absenee of testosterone causes the 
mesonephrie ducts to degenerate, and in the absenee of MIF, 
the paramesonephrie ducts develop í4 by default” into a female 
reproductive traet. Eaeh duct differentiates into one of the uter- 
ine tubes. At their inferior end, the ducts fuse to form the single 
uterus and the upper one-third of the vagina. The lower two- 
thirds of the vagina develops as an outgrowth of the urogenital 
sinus deseribed in ehapter 25 (p. 698). 

It may seem as if androgens should induce the formation of a 
male reproductive traet and estrogens induce a female reproduc- 
tive traet. However, estrogen levels are always high during preg- 
naney, so if this meehanism was the ease, it would feminize all 
fetuses. Thus, the development of a female results from the low 
level of androgens, not the presenee of estrogens. 


The male and female reproductive systems begin with embryonie 
sex organs that are anatomieally “indifferent,” yet genetieally 
destined to differentiate into the genitalia of one sex or the other. 
Thus, the testes and ovaries develop from an initially indistin- 
guishable indifferent gonad; the glans of the penis and elitoris 
develop from a single embryonie genital tubercle; and the sero- 
tum and labia majora develop from the embryonie labioserotal 
folds. Organs that develop from the same embryonie precursor 
are said to be homologous to eaeh other. 


The External Genitalia 

At 8 weeks, the external genitalia are represented by the following 
sexually undifferentiated structures (fig. 26.23): 

• the genital tubercle, an anterior, median bud; 

• urogenital folds, a pair of medial tissue folds slightly poste- 
rior to the genital tubercle; and 

• labioserotal folds, a larger pair of tissue folds lateral to the 
urogenital folds. 


The Internal Genitalia 

The gonad appears at 5 to 6 weeks as a gonadal ridge near the 
mesonephros, the primitive kidney. Adjaeent to eaeh gonadal 


57 /r?eso = middle; nephr = kidney; named for the temporary embryonie kidney 
58 poro = next to 
59 utricle = little bag 
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Figure 26.22 Embryonie Development of the Male and Female Reproductive Traets. Note that the male traet develops from the mesoneph 
duct and the female traet from the paramesonephrie duct; the other duct in eaeh sex degenerates. 
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Figure 26.23 Development of the External Genitalia. By 6 vveeks, the embryo has three primordial structures—the genital tubercle, urogenital 
folds, and labioserotal folds—vvhieh vvill beeome the male or female genitalia. At 8 vveeks, these structures have grovvn, but the sexes are still 
indistinguishable. Slight sexual differentiation is notieeable at 10 vveeks. The sexes are fully distinguishable by 12 vveeks. Matehing eolors identify 
homologous structures of the male and female. 
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These organs begin to show sexual differentiation by the end of 
week 9, and either male or female genitalia are distinetly identifi- 
able by the end of week 12. In the female, the three structures just 
listed beeome the elitoral glans, labia minora, and labia majora, 
respeetively. In the male, the genital tubercle elongates to form 
the phallus; the urogenital folds fuse to enelose the urethra, and 
join the phallus to form the penis; and the labioserotal folds fuse 
to form the scrotum. 

The homology of the male and female genitalia beeomes strik- 
ingly evident in eertain abnormalities of sexual development. In 
the presenee of excess androgen, the elitoris may enlarge and the 
labioserotal folds fuse, so elosely resembling a penis and scrotum 
that a newborn girl ean be misidentified as a boy. In other eases, 
the ovaries deseend into the labia majora as if they were testes 
deseending into a scrotum. 

Deseent of the Gonads 

Both male and female gonads initially develop high in the abdom- 
inal eavity and migrate into the pelvie eavity (ovaries) or scrotum 
(testes). The most pronounced migration is the deseent of the testes 
(fig. 26.24). In the embryo, a eonneetive tissue eord ealled the 
gubernaculum 60 (GOO-bur-NACK-you-lum) extends from the 
gonad to the floor of the abdominopelvie eavity. As it continues 
to grow, it passes between the internal and external abdominal 
oblique muscles and into the serotal swelling. Independently of 


60 gubern = riidder, to steer, guide 


any migration of the testis, the peritoneum also develops a fold that 
extends into the scrotum as the vaginal proeess. The gubernacu- 
lum and the vaginal proeess ereate a path of low resistanee through 
the groin, the inguinal eanal—the most eommon site of hernia- 
tion in boys and men ( inguinal hernia; see Deeper Insight 11.3, 

p. 289). 

The deseent of the testes begins as early as week 6. The 
superior part of the embryonie gonad degenerates, and its infe- 
rior part migrates downward, guided by the gubernaculum. In 
the seventh month, the testes abruptly pass through the ingui- 
nal eanals, anterior to the pubic symphysis, into the serotmn. 
As they deseend, they are aeeompanied by ever-elongating 
testicular arteries and veins and by lymphatie vessels, nerves, 
sperm ducts, and extensions of the internal abdominal oblique 
muscle that beeome the eremaster muscle. The vaginal proeess 
beeomes separated from the peritoneal eavity and persists as a 
sae, the tunica vaginalis, enfolding the anterior side of the tes- 
tis. Although multiple hypotheses have been offered, the actual 
meehanism of deseent remains obscure. Testosterone stimu- 
lates the deseent, but it is unknown how. About 3% of boys, 
however, are born with undescended testes, or eryptorehidism 
(see table 26.2). 

The ovaries also deseend, but to a much lesser extent. A guber- 
naculum extends from the inferior pole of the ovary to the labio- 
serotal fold. The ovaries eventually lodge just inferior to the brim 
of the lesser pelvis. The inferior part of the gubernaculum beeomes 
the round ligament of the uterus, and the superior part beeomes the 
ovarian ligament. 
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Figure 26.24 Deseent 

of the Testis. Note that the 
testis and spermatie ducts are 
retroperitoneal. An extension of 
the peritoneum ealled the vaginal 
proeess follows the testis through 
the inguinal eanal and beeomes 
the tunica vaginalis. 

• Why is this structure ofmale 
anatomy ealled the tunica 
vaginalis? 
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Puberty 

Unlike any other organ system, the reproductive system remains 
dormant for several years after birth. At age 10 to 12 in most boys 
and 8 to 10 in most girls, however, the hypothalamus begins to 
seerete gonadotropin-releasing hormone (GnRH), and the pituitary 
responds by seereting the two gonadotropins—follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH). These hormones, 
in turn, stimulate the gonads to seerete estrogens, progesterone, 
and testosterone. Combined with surges in the seeretion of growth 
hormone and other hormones, the adoleseent body exhibits pro- 
nounced anatomieal ehanges. Puberty , 61 the first few years of 
adoleseenee , 62 has begun. 

In boys, the earliest sign of puberty is usually enlargement of 
the testes and scrotum; in girls, it is breast development, ealled 
thelarehe 63 (thee-LAR-kee). These ehanges are soon followed by 
pubarche (pyu-BAR-kee), the growth of pubic and axillary hair, 
sebaceous glands, and apoerine glands. In girls, the third prineipal 
event is menarehe 64 (men-AR-kee), the first menstmal period. 
Menarehe does not immediately signify fertility. A girl’s first few 
menstmal eyeles are typieally anovulatory (no egg is ovulated). 
Most girls begin ovulating regularly about a year after they begin 
menstmating, probably because, as noted earlier, an egg requires 
almost 300 days to mature before it ovulates. The male counterpart 
to menarehe is the first ejaculation. Puberty ends when an indi- 
vidual is fully eapable of reproducing; adoleseenee extends until a 
person reaehes full height in the late teens to early twenties. 

Puberty entails many other ehanges too numerous for the seope 
of this book. The internal and external genitalia enlarge. Changes 
in muscularity and fat deposition bring about some of the male- 
female differenees known as the seeondary sex eharaeteristies. The 
male voiee deepens as the larynx enlarges. Testosterone, estrogens, 
and growth hormone cause rapid elongation of the long bones, and 
thus the adoleseent growth in stature. Also, to the great anxiety of 
the parents of adoleseents, the anatomieal readiness for reproduc- 
tion is aeeompanied by psyehologieal interest in sex, the libido, 
elieited in both sexes by testosterone. (Testosterone is produced 
not only by the testes but also, in small amounts, by the ovaries 
and adrenal cortex.) 


The Aging Reproductive System 

Fertility and sexual function deeline in and beyond middle age, 
owing to deelining levels of testosterone and estrogen. Around 
ages 50 to 55, both men and women go through a period of physi- 
eal and psyehologieal ehange ealled elimaeterie, although (jokes 
about í4 male menopause” aside) only women experience meno- 
pause, the eessation of menses. 

Male Climacteric 

Male elimaeterie, or andropause, is a period of deelining repro- 
ductive function that beeomes notieeable, if at all, typieally in the 


early 50s. It is brought on by falling levels of testosterone and 
inhibin. Testosterone seeretion peaks at about 7 mg/day at age 20 
and then deelines steadily to as little as one-fifth of this level by 
age 80. There is a eorresponding deeline in the number and seere- 
tory aetivity of the interstitial eells (the source of testosterone) and 
sustentacular eells (the source of inhibin). Along with the deelin- 
ing testosterone level, the sperm count and libido diminish. By 
age 65, sperm count is typieally about one-third of what it was in a 
man’s 20s. Nevertheless, men remain eapable of fathering a ehild 
throughout old age. 

With reduced levels of testosterone and inhibin, the pituitary 
is less inhibited and it seeretes elevated levels of FSH and LH. In 
some eases, these gonadotropins cause mood ehanges, hot flashes, 
or even illusions of suffocation—symptoms similar to those that 
occur in perimenopausal women. Most men, however, notiee little 
or no effeet as they pass through elimaeterie, and not all authorities 
aeeept that male elimaeterie exists at all. 

About 20% of men in their 60s and 50% of men in their 80s 
experience ereetile dysfunction (impotenee), the frequent inability 
to maintain a sufficient ereetion for intercourse. Ereetile dysfunc- 
tion ean also result from hypertension, atheroselerosis, medieation, 
diabetes mellitus, and psyehologieal causes. Over 90% of men with 
ereetile dysfunction nevertheless remain able to ejaculate. 

Female Climacteric and Menopause 

Female elimaeterie is brought on by deelining ovarian function. 
It generally begins when the ovaries are down to their last 1,000 
eggs or so, and the follieles and ova that remain are less respon- 
sive to gonadotropins. Consequently, the follieles seerete less 
estrogen and progesterone. Without these steroids, the uterus, 
vagina, and breasts atrophy. Intercourse may beeome uncom- 
fortable, and vaginal infeetions more eommon, as the vagina 
beeomes thinner, less distensible, and drier. The skin beeomes 
thinner, eholesterol levels rise (inereasing the risk of eardiovas- 
cular disease), and bone mass deelines (inereasing the risk of 
osteoporosis). Blood vessels eonstriet and dilate in response to 
shifting hormone balanees, and the sudden dilation of cutane- 
ous arteries may cause hot flashes —a spreading sense of heat 
from the abdomen to the thorax, neek, and faee. Hot flashes 
may occur several times a day, sometimes aeeompanied by 
headaehes resulting from the sudden vasodilation of arteries in 
the head. In some people, the ehanging hormonal profile also 
causes mood ehanges. 

Female elimaeterie is aeeompanied by menopause, the eessa- 
tion of menstmation and end of fertility. Menopause usually occurs 
between the ages of 45 and 55. The average age has inereased 
steadily in the last century and is now about 52. It is difficult to 
preeisely establish the time of menopause because the menstmal 
periods ean stop for several months and then begin again. Meno- 
pause is generally eonsidered to have occurred when there has 
been no menstmation for a year or more. 


6 fuber = grovvn up 

62 odolesc = to grovv up 

63 thel = breast, nipple; orehe = beginning 

64 /r?en = monthly; orehe = beginning 


Reproductive Disorders of the Male 

Prostate eaneer (see Deeper Insight 26.1) is the most eommon 
eaneer of the male reproductive system, but not the only one. 






732 


part five Reproduction 


Men are also subject to testicular, penile, and breast eaneer. 
Testicular eaneer is the most eommon of these three and often 
strikes at a relatively young age eompared to prostate eaneer. 
Testicular self-examination eombined with regular physieal 
examinations are important preventive measures. Some addi- 
tional faets about these eaneers and other male reproductive 
disorders are given in table 26.2. 


Reproductive Disorders of the Female 

The most important malignaneies of the female reproductive 
system are breast and eervieal eaneer, although the inerease in 
eigarette smoking has caused lung eaneer to surpass both of these 
as a cause of female mortality in the United States. Breast ean- 
eer occurs in one out of every eight or nine Ameriean women. 
Breast tumors originate in eells of the mammary ducts and 
may metastasize to other organs by way of mammary and axil- 
lary lymphaties. Although some breast eaneer is genetie, many 
nonhereditary risk faetors are also known, including age, early 
menarehe and late menopause, high aleohol or fat consump- 
tion, and smoking. Over 70% of eases of breast eaneer, however, 


laek any identifiable risk faetor. Early deteetion through regu- 
lar breast X-rays (mammograms) are currently regarded as the 
best proteetion. Breast self-examination (BSE) may also be help- 
ful, but reeent researeh has east doubt on whether tumors are 
deteeted early enough by BSE to signifieantly reduce female 
mortality. 

Uterine eaneer is of two kinds, endometrial and eervieal. 
Cervical eaneer is a slow-growing neoplasia of the lower eer- 
vieal eanal and ean be deteeted by mieroseopie examination 
of squamous eells from the cervix (a Pap smear; see Deeper 
Insight 26.3). 

There are many other disorders of female reproductive func- 
tion, too numerous to discuss here. Pregnaney adds its own risks to 
women’s health. Table 26.3 deseribes some of the more eommon 
eomplieations of pregnaney. 

More eommon than any of the foregoing male or female 
reproductive disorders are the sexually transmitted diseases 
(STDs), caused by infectious mieroorganisms transmitted by 
intercourse and other sexual aetivity, and to infants during or 
before birth. Most of these are caused by vimses and baeteria. 
Currently the most serious viral STDs are hepatitis C and 


TABLE 26.2 Some Male Reproductive Disorders 


Breast eaneer Accounts for 0.2% of male eaneers in the Llnited States, usually seen after age 60 but sometimes in ehildren and 

adoleseents. (For every male who gets breast eaneer, about 175 females do so.) Usually felt as a lump near the 
nipple, often with crusting and diseharge from the nipple. Often quite advaneed by the time of diagnosis, with 
poor prospeets for reeovery, because of denial and delay in seeking treatment. 


Cryptorchidism 65 Failure of one or both testes to deseend eompletely into the scrotum. Leads to infertility if not eorreeted, because 

(erip-TOR-ki-dizm) undescended testes are too warm for spermatogenesis. In most eases, the testes deseend spontaneously in the 

first year of infaney; otherwise, the eondition ean be eorreeted with hormone injeetions or surgery. 


Hypospadias 66 A eongenital defeet in which the urethra opens on the ventral side or base of the penis rather than at the tip; 

(HY-po-SPAY-dee-us) usually eorreeted surgically at about 1 year of age. 


Infertility Inability to fertilize an egg because of a low sperm count (< 20-25 million/mL), poor sperm motility, or a high 

pereentage of deformed sperm (two heads, defeetive tails, ete.). May result from malnutrition, gonorrhea and 
other infeetions, toxins, or testosterone defieieney. 


Penile eaneer Accounts for 1% of male eaneers in the United States; most eommon in blaek males aged 50 to 70 and of low 

ineome. Most often seen in men with nonretraetable foreskins (phimosis) eombined with poor penile hygiene; 
least eommon in men circumcised at birth. 


Testicular eaneer The most eommon solid tumor in men 15 to 34 years old, espeeially white males of middle to upper eeonomie 

elasses. Typieally begins as a painless lump or enlargement of the testis. Highly curable if deteeted early. Men 
should routinely palpate the testes for normal size and smooth texture. 


Varieoeele (VAIR-ih-eo-seal) Abnormal dilation of veins of the spermatie eord, so they resemble a “bag of worms.” Occurs in 10% of males 

in the United States. Caused by absenee or ineompetenee of venous valves. Reduces testicular blood flow 
and often causes infertility. 

Disorders Deseribed Elsewhere 

Benign prostatie hyperplasia 713 Ereetile dysfunction 731 Prostate eaneer 713 


65 crypt = hidden; orehid = testes 

66 hypo = below; spod = to draw off (the urine) 
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Cervical Cancer and Pap Smears 



Cervical eaneer is eommon among women between the ages 
of 30 and 50, espeeially those who smoke, who began sexual 
aetivity at an early age, and who have histories of frequent sex- 
ually transmitted diseases or eervieal inflammation. It is often 
caused by the human papillomavirus (HPV), a sexually transmit- 
ted pathogen. Cervical eaneer usually begins in the epithelial 
eells of the lower cervix, develops slowly, and remains a loeal, 
easily removed lesion for several years. If the cancerous eells 
spread to the subepithelial eonneetive tissue, however, the 
eaneer is said to be invosive and is much more dangerous and 
potentially fatal. 

The best proteetion against eervieal eaneer is early deteetion 
by means of a Pop 67 smeor— a procedure in which loose eells 
are removed from the cervix and vagina with a small flat stiek or 
eervieal brush, then mieroseopieally examined. The pathologist 
looks for eells with signs of dysplosio (abnormal development) or 
eareinoma (fig. 26.25). One system of grading Pap smears elas- 
sifies abnormal results in three grades of eervieol introepitheliol 
neoplosio (CIN). Findings are rated on the following seale, and 
further vigilanee or treatment planned aeeordingly: 


ASCUS—atypieal squamous eells of undetermined signifieanee 

CIN I—mild dysplasia with cellular ehanges typieally 
assoeiated with HPV 

CIN II—moderate dysplasia with precancerous lesions 

CIN III—severe dysplasia, eoreinomo in situ (preinvasive 
eareinoma of surface eells) 

A rating of ASCUS or CIN I ealls for a repeat Pap smear and visual 
examination of the cervix (eolposeopy 68 ) in 3 to 6 months. CIN II 
ealls for a biopsy, often done with an “eleetrie sealpel” in a pro- 
cedure ealled LEEP (loop electrosurgical excision procedure). A 
eone of tissue is removed to evaluate the depth of invasion by the 
malignant or premalignant eells. This in itself may be curative if all 
margins of the speeimen are normal, indieating all abnormal eells 
were removed. CIN III may be cause for hystereetomy 69 or radia- 
tion therapy. 

An average woman is typieally advised to have annual Pap 
smears for 3 years and may then have them less often at the dis- 
eretion of her physieian. Women with any of the risk faetors listed 
may be advised to have more frequent examinations. 



© (a) Normal eells 20jam (b) Malignant (CIN III) eells 500 x 

Figure 26.25 Pap Smears. These are smears of squamous epithelial eells seraped from the cervix. In the malignant (cancerous) eells, 
note the loss of eell volume and the greatly enlarged nuclei. 



AIDS (caused by the human immunodeficiency virus, HIV; 
see p. 627). The hepatitis C virus (HCV) is a eommon cause of 
liver failure and is the leading reason for liver transplants in the 
IJnited States. Other viral STDs include genital herpes (usually 


67 George N. Papanicolaou (1883-1962), Greek-Ameriean physieian and 
eytologist 


caused by herpes simplex virus type 2, HSV-2) and genital 
warts (caused by 60 or more human papillomaviruses, HPVs). 
Some forms of HPV are assoeiated with eervieal, vaginal, 
penile, and anal eaneer. 


68 co/po = vagina; seopy = vievving 
69 hyster = uterus; eetomy = cutting out 


Parviz M. Pour/Science Source 
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TABLE 26.3 Some Female Reproductive Disorders 


Disorders of Pregnaney 


Abmptio plaeentae 70 
Eetopie 71 pregnaney 


Gestational diabetes 


Hyperemesis 

gravidamm 72 

Plaeenta previa 73 

Preeelampsia 74 
(toxemia of pregnaney) 
and eelampsia 


Spontaneous abortion 


Premature separation of the plaeenta from the uterine wall, often assoeiated with preeelampsia or eoeaine use. May 
require birth by eesarean seetion. 

Implantation of the conceptus anywhere other than the normal loeation in the uterus, such as the uterine tube (over 
90% of eases), cervix, or abdominal eavity; usually must be surgically terminated to prevent serious and potentially 
fatal hemorrhage. 

A form of diabetes mellitus that develops in about 1% to 3% of pregnant women, eharaeterized by insulin insensitivity, 
hyperglyeemia, glycosuria, and a risk of excessive fetal size and birth trauma. Glucose metabolism usually returns 
to normal after delivery of the infant, but 40% to 60% of women with gestational diabetes develop diabetes mellitus 
within 15 years after the pregnaney. 

Prolonged vomiting, dehydration, alkalosis, and weight loss in early pregnaney, often requiring hospitalization to 
stabilize fluid, eleetrolyte, and aeid-base balanee; sometimes assoeiated with liver damage. 

Bloekage ofthe eervieal eanal by the plaeenta, preventing birth of the infant before the plaeenta separates from the 
uterus. Requires birth by eesarean seetion. 

Rapid onset of hypertension and edema, with swelling espeeially of the faee and hands; proteinuria and reduced 
glomemlar filtration rate; inereased blood elotting; sometimes with headaehes, visual disturbances, and small 
eerebral infaretions. Seen in about 4% of pregnaneies, espeeially in the third trimester of women pregnant for the 
first time. Can progress to eelompsio, with seizures and widespread vascular spasms that are sometimes fatal to the 
mother, fetus, or both. Eelampsia usually occurs shortly before or after ehildbirth. 

Occurs in 10% to 15% of pregnaneies, usually because of fetal deformities or ehromosomal abnormalities ineompatible 
with survival, but may also result from maternal abnormalities, infectious disease, and drug abuse. 


Other Reproductive Disorders 


Amenorrhea 75 

Dysmenorrhea 76 


Absenee of menstruation. Normal in pregnaney, laetation, early adoleseenee, and perimenopausal years, but ean also 
result from gonadotropin hyposeeretion, genetie disorders, CNS disorders, or excessively low body fat. 

Painful menstruation in the absenee of pelvie disease, caused by excessive endometrial prostaglandin seeretion. 
Prostaglandins stimulate painful eontraetions of myometrium and uterine blood vessels. Usually begins around age 15 
or 16 and affeets up to 75% of women from 15 to 25 years old. May aeeompany leiomyoma or endometriosis. 


Endometriosis 


Leiomyomas 77 (uterine 
fibroids) 


Growth of endometrial tissue in any site other than the uterus, including the uterine tubes, ovaries, urinary bladder, 
vagina, pelvie eavity, small or large intestine, or even the lungs or pleural eavity. May cause dysmenorrhea, abnormal 
vaginal bleeding, and infertility. 

Benign tumors of uterine smooth muscle. Usually small and asymptomatie, but ean beeome very large and may cause 
abnormal uterine bleeding, heavy menstruation, or dysmenorrhea. 


Pelvie inflammatory Acute, painful inflammation due to infeetion of the uterus, uterine tubes, or ovaries, usually with the organisms of 

disease (PID) sexually transmitted diseases. Causes abdominopelvie pain, pain on urination, and irregular bleeding. 


Disorders Deseribed Elsevvhere 

Breast eaneer 732 Cervical eaneer 733 Sexually transmitted diseases 732 


Baeterial STDs include gonorrhea and syphilis, caused by the 
baeteria Neisseria gonorrhoeae and Treponema pallidum, respee- 
tively. Cases of these two diseases are outnumbered, however, by 
ehlamydia (caused by Chlamydia traehomatis ), which affeets 3 to 
5 million people per year in the United States. 


70 ab = away; rupt = to tear; plaeentae = of the plaeenta 
71 ec = out of; top = plaee 

72 hyper = excessive; emesis = vomiting; gravida = pregnant woman 
73 pre = before; via = the way (obstructing the way) 

74 ec = forth; lampsia = shining 

75 o = without; meno = monthly; rrhea = flow 

76 dys = painful, abnormal; meno = monthly; rrhea = flow 

77 /e/'o = smooth; myo = muscle; oma = tumor 


Before Yoii Go On 


Ansvver the follovving questions to testyour understonding ofthe 

preeeding seetion: 

15. What are mesonephrie and paramesonephrie ducts? What 

faetors determine which one develops and which one 
regresses in the fetus? 

16. What male structures develop from the genital tubercle 

and labioserotal folds? 

17. Define the gubernoculum and deseribe its function. 

18. Which of the following occur in both men and women—the- 

larehe, pubarche, elimaeterie, menopause, breast eaneer, 
or eryptorehidism? Explain. 
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Assess Your Learning Outcomes 


To test your knowledge, discuss the following 
topies with a study partner or in writing, 
ideally from memory. 

26.1 Sexual Reproduction (p. 704) 

1. The definition of sexual reproduction, and 
how this relates to the neeessity of gametes 
and a zygote 

2. The division of roles between two types 
of gametes; how this relates to the bio- 
logieal definitons of male and female; and 
the ehromosomal distinetion between the 
sexes 

3. How the sexes are distinguished by their 
ehromosomes 

4. The distinetions between primary sex 
organs, seeondary sex organs, seeondary 
sex eharaeteristies, and internal and exter- 
nal genitalia, and examples of all of these 

26.2 The Male Reproductive System (p. 705) 

1. The surface anatomy and eontents of the 
scrotum 

2. The spermatie eord, its eontents, and its 
relationship to the inguinal eanal and the 
internal and external inguinal rings 

3. The relevanee of temperature to sperm 
development and the three meeha- 
nisms for maintaining proper testicular 
temperature 

4. The surface anatomy of the testis; its inter- 
nal division into lobules and seminiferous 
tubules; the rete testis; and the interstitial 
eells, their function, and their relationship 
with the seminiferous tubules 

5. The epithelmm of a seminiferous tubule; its 
eell types; and the functions of those eells 

6. The structure and purpose of the blood- 
testis barrier 

7. The route of blood flow from aorta to tes- 
ticular artery, testis, pampiniform plexus, 
testicular vein, and ultimately the inferior 
vena eava (including the right-left differ- 
enee in routes) 

8. The anatomieal course and functions of 
testicular lymphaties and nerves 

9. The basie events of spermatogenesis; the 
neeessity of meiosis for sexual reproduc- 
tion; and the cellular stages of spermato- 
genesis and their relationship to meiosis I, 
meiosis II, and spermiogenesis 

10. The structure of a spermatozoon and the 
function of eaeh of its parts 


11. The series of ducts that eonvey sperm 
from the testis to the urethra; the anatomy 
of eaeh; and the three regions of the male 
urethra 

12. The three sets of male aeeessory glands 
assoeiated with the spermatie ducts; their 
anatomy; and the contribution of eaeh to 
semen production and intercourse 

13. The volume of semen and quantity of 
sperm in a typieal ejaculate; the ehemieal 
eomponents of the semen; and the func- 
tions and glandular sources of eaeh 

14. The anatomieal regions and dimensions of 
the penis, and its relationships with adja- 
eent organs 

15. The three ereetile tissues and other internal 
structures of the penis; the structure of an 
individual ereetile tissue and how it relates 
to copulatory function 

16. The arterial blood supply and venous drain- 
age of the penis, and differenees in blood 
flow between the flaeeid and ereet states 

17. The nerve supply to the penis and how its 
sympathetie, parasympathetie, and sensory 
nerves relate to sexual function 

26.3 The Female Reproductive System (p. 715) 

1. The structure of the ovary 

2. The supportive ligaments of the ovary; 
their relationship to the arterial blood sup- 
ply to the ovary; and the venous and lym- 
phatie drainage of the ovary 

3. The prineipal events of oogenesis and how 
it differs from spermatogenesis 

4. The eelhilar stages of oogenesis; how they 
relate to the stages of meiosis; and how 
they relate to ovulation and fertilization 

5. The types of ovarian follieles; how they 
relate to oogenesis and ovulation; and the 
fate of a folliele after it ovulates 

6. Details of the structure of a mature ovarian 
folliele 

7. The gross anatomy and histology of the 
uterine tubes 

8. The gross anatomy of the uterus; the 
names and histologieal eharaeteristies of 
the three layers of the uterine wall 

9. The supportive ligaments of the uterus; 
their relationship to the peritoneal pouches 
of the pelvie eavity; and their relationship 
to the blood vessels that supply the uterus 

10. The histologieal ehanges that occur in the 
endometrium over the course of the men- 
strnal eyele 


11. The gross anatomy and histology of the 
vagina 

12. The anatomy of the vulva, including the 
mons pubis; labia majora and minora; 
vestibule; elitoris and prepuce; vestibular 
bulbs; greater and lesser vestibular glands; 
and paraurethral glands 

13. The gross anatomy of the breast; the 
distinetion between breasts and mam- 
mary glands; and the structure of the 
mammary gland (particularly the aeini), 
seeretory and myoepithelial eells, and 
duct system 

26.4 Developmental and Clinical 
Perspeetives (p. 727) 

1. Early features of genital development that 
are identieal in males and females; the 
meaning of homologous structures, and 
examples; and the age at which the sexes 
beeome distinguishable 

2. The mesonephrie and paramesonephrie 
ducts and the fate of eaeh 

3. How the sex ehromosomes, SRY gene, and 
hormones interaet to determine whether 
an individual develops male or female 
anatomy 

4. Which male and female structures develop 
from the genital tubercle, urogenital folds, 
and labioserotal folds 

5. The deseent of the gonads; the role of the 
gubernaculum; and how the deseent differs 
in males and females 

6. How puberty is hormonally induced; the 
distinetion between puberty and adoles- 
eenee; similarities and differenees between 
boys and girls in the events of puberty; and 
the meaning of thelarehe, pubarche, and 
menarehe in girls 

7. The hormonal causes of male and female 
elimaeterie, and the signs and symptoms of 
elimaeterie in eaeh sex 

8. The distinetion between menopause and 
female elimaeterie, and why the exact time 
of menopause eannot be determined 

9. Types of eaneer that occur in the male 
reproductive organs, and other eommon 
male reproductive disorders 

10. Types of eaneer that occur in the female 
reproductive organs; eommon disorders 
of pregnaney; and other eommon female 
reproductive disorders 

11. The most eommon viral and baeterial sex- 
ually transmitted diseases 
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Testing Your Reeall 


1. The ductus deferens develops from_ 

of the embryo. 

a. the mesonephrie duct 

b. the paramesonephrie duct 
e. the phalhis 

d. the labioserotal folds 

e. the urogenital folds 

2. Deseent of the testes includes their passage 
through 

a. the inguinal eanal. 

b. the spermatie eord. 
e. the ductus deferens. 

d. the seminiferous tubule. 

e. the ampulla. 

3. Four spermatozoa arise from eaeh 

a. primordial germ eell. 

b. type A spermatogonmm. 
e. type B spermatogonmm. 

d. seeondary spermatoeyte. 

e. spermatid. 

4. Prior to ejaculation, sperm are stored pri- 
marily in 

a. the seminiferous tubules. 

b. the epididymis. 

e. the seminal vesieles. 

d. the bulb of the penis. 

e. the ejaculatory ducts. 

5. Testosterone is produced primarily by 

a. the seminiferous tubules. 

b. the sustentacular eells. 
e. the interstitial eells. 

d. the seminal vesieles. 

e. the prostate gland. 


6. The fluid-filled eentral eavity of a mature 
ovarian folliele is 

a. the antmrn. 

b. the zona pelhieida. 
e. the theea folliculi. 

d. the granulosa. 

e. the stigma. 

7. The tissue lost in menstmation is 

a. the perimetrium. 

b. the myometrium. 
e. the basal layer. 

d. the functional layer. 

e. the stratum corneum. 

8. The male scrotum is homologous to the 
female 

a. ovaries. 

b. vagina. 

e. labia majora. 

d. vestibular bulbs. 

e. elitoris. 

9. The narrowest part of the uterus is 

a. the fundus. 

b. the infundibulum. 
e. the body. 

d. the ampulla. 

e. the cervix. 

10. The vesicouterine pouch is a spaee in the 
peritoneal eavity between the uterus and 

a. the forniees. 

b. the uterine tube. 
e. the saemm. 

d. the urinary bladder. 

e. the rectum. 


11. Under the infhienee of androgens, the 

embryonie _duct develops into the 

male reproductive traet. 

12. Spermatozoa obtain energy for loeomotion 

from_in the semen. 

13. The_, a network of veins in the sper- 

matie eord, helps keep the testes eooler 
than the eore body temperature. 

14. Eaeh egg eell develops in its own fluid- 

filled spaee ealled a/an_. 

15. The mucosa of the uterus is ealled the 


16. Over half of the semen eonsists of seere- 
tions from a pair of glands ealled the 


17. The blood-testis barrier is formed by tight 

junctions between the_eells. 

18. The female paraurethral glands arise 

from the same embryonie structure as the 
male_. 

19. A yellowish structure ealled the _ 

seeretes progesterone during the seeretory 
phase of the menstmal eyele. 

20. The funnel-like distal end of the uterine 

tube is ealled the_and has feathery 

proeesses ealled_. 

Answers in appendix A 


Building Your Medieal Vocabulary 


State a medieal meaning ofeaeh ofthe 

3. hystero- 

8. -phor 


following word elements, and give a term in 

4. vagin- 

9. lute- 


which it is used. 

5. alb- 

6. ov- 

10. metri- 


1. gameto- 

2. gono- 

i 

o 

o 

• 

r- 


Answers in appendix A 
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True or False 


Determine whichfive of the following 
statements arefalse, and briefly explain why. 

1. After ovulation, a folliele begins to move 
down the uterine tube to the uterus. 

2. The uterine tubes develop from the embry- 
onie mesonephrie ducts. 

3. Thelarehe normally preeedes menarehe in 
female puberty. 

4. The folliele that ovulates is ealled the pri- 
mary folliele. 


Testing Your Comprehension 

1. The most eommon method of male steril- 
ization is vaseetomy, in which the ductus 
(vas) deferens is tied, cut, or both. What 
is the equivalent method of female ster- 
ilization? Why are the difficulty and 
risks of that procedure greater than for a 
vaseetomy? 

2. Uterus bieornis (bieorn = two horns) is a 
rare eondition in which a woman has two 
separate uteri, eaeh opening by its own 


5. Sperm eannot develop at the eore body 
temperature. 

6. A high androgen level makes a fetus 
develop a male reproductive system, and 
a high estrogen level makes it develop a 
female reproductive system. 

7. Most ovarian follieles degenerate before a 
girl reaehes puberty. 

8. The pampiniform plexus serves to keep the 
testes warm. 


cervix into the vagina. What abnormal 
event of embryonie development do you 
think could account for this? 

3. Suppose the corpus spongiosum beeame as 
engorged with blood as the eorpora eaver- 
nosa do during ereetion of the penis. What 
problem would this ereate for sexual func- 
tion? In light of this, why is it benefieial 
that the corpus spongiosum is not enelosed 
in a tunica albuginea? 


9. Prior to ejaculation, sperm are stored 
mainly in the epididymis. 

10. The thiekest layer of the uterine wall is 
the myometrium. 

Answers in appendix A 


4. What male structure(s) do you think is or 
are homologous to the vestibular bulbs of 
the female? Explain your reasoning. 

5. An ooeyte lives for only 24 hours after 
ovulation if it is not fertilized. The trip 
down the uterine tube, from infundibulum 
to uterus, takes about 72 hours. In light of 
this, where do you think fertilization nor- 
mally occurs? 
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Answers to Study Guide Questions 


Answers are provided here for the end-of-ehapter Testing Your 
Reeall, Building Your Medieal Vocabulary, and True or False 
questions, and questions in the figure legends. Answers to Apply 
What You Know questions are available on the Saladin website at 
www.mhhe.com/saladinha5 . 

Chapter 1 

Testing Your Reeall 


1 . 

a 

8. e 

15. 

functional morphology 

2. 

b 

9. b 

16. 

palpation 

3. 

e 

10. d 

17. 

computed tomography 

4. 

e 

11. disseetion 

18. 

organ 

5. 

a 

12. supinated 

19. 

ipsilateral, eontralateral 

6. 

a 

13. parietal 

20. 

cubital, popliteal 

7. 

d 

14. retroperitoneal 




Bnilding Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. apart—anatomy 

2. reeording proeess—sonography 

3. shape—morphology 

4. below—hypogastrie 

5. proeess—supination 

6. small—organelle 

7. touch, feel—palpation 

8. before, in front—antebraehial 

9. within—intrap eritone al 

10. listen—auscultation 

True or False 

(These items are false for the reasons given; all others are true.) 

3. Auscultation is listening to sounds made by the body. 

4. Radiology is eoneerned with all methods of medieal imaging. 

6. Nearly every eell eontains many organelles. 

7. The diaphragm is inferior to the lungs. 

9. There is nothing but a thin film of fluid between the parietal and viseeral pleurae. 

Figure Legend Questions 

1.3 MRI is better than X-ray at showing soft tissues such as the eye and its 

muscles and the brain tissue. X-ray is better than PET at showing hard, 
dense structures such as the bones and teeth. 

1.4 Radiography and CT use X-rays, which have the potential to cause muta- 

tions and birth defeets; sonography uses no harmful radiation. 

1.8 Midsagittal or median 

1.15 No, the urinary bladder lies outside the peritoneal eavity; the peritoneum 

passes over its superior surface. 


Chapter 2 

Testing Your Reeall 


1 . 

e 

8. 

a 

15. 

tight junctions 

2. 

d 

9. 

d 

16. 

squamous 

3. 

b 

10. 

d 

17. 

mitoehondrion, nucleus 

4. 

b 

11. 

mierometers (pm) 

18. 

peroxisomes, smooth ER 

5. 

e 

12. 

reeeptor 

19. 

eell-adhesion molecules 

6. 

a 

13. 

gates 

20. 

phagoeytosis 

7. 

d 

14. 

mitoehondria 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. eell—eytology 

2. flat, seale—squamous 

3. shape—fusiform 

4. many—polygonal 

5. loving, attraeted to—hydrophilie 

6. eat—phagoeytosis 

7. into, within—endoplasmie 

8. sugar—glycocalyx 

9. eolor—ehromosome 

10. beyond, next in a series—metaphase 

True or False 

(These items are false for the reasons given; all others are tme.) 

2. Proteins are only 1% to 10% of the molecules of a plasma membrane. 

6. Movement down a gradient does not employ ATP. 

7. Osmosis is a ease of simple diffusion. 

9. Desmosomes provide no ehannels from one eell to another. 

10. The nucleolus is not an organelle. 

Figure Legend Questions 

2.2 The eells are thinner in the eenter than around the rim, so more light 

shines through. 

2.8 The region that projeets into the eytoplasm 

2.13 Mierovilli are much smaller than eilia, they laek axonemes, and they have 

a supportive eore of aetin. 

2.15 Gapjunctions 

2.16 Mierofilaments have a supportive role in mierovilli, and microtubules form 

the axonemes of eilia and flagella. 


A-1 






















A-2 


appendix A Answers to Study Guide Questions 


Chapter 3 

Testing Your Reeall 


1 . 

a 

8. 

e 

14. 

fibers 

2. 

b 

9. 

b 

15. 

eollagen 

3. 

e 

10. 

b 

16. 

gangrene 

4. 

e 

11. 

apoptosis (programmed 

17. 

basement membrane 

5. 

d 


eell death) 

18. 

matrix 

6. 

a 

12. 

mesothelium 

19. 

holoerine 

7. 

b 

13. 

lacunae 

20. 

simple 


Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. tissue—histology 

2. between—intercellular 

3. plate—lamella 

4. form, give rise to—fibroblast 

5. network—reticulocyte 

6. eartilage—ehondroeyte 

7. around—periosteum 

8. nipple, female—epithelium 

9. out of—exocytosis 

10. dead, death—neerosis 

True or False 

(These items are false for the reasons given; all others are true.) 

2. The noneelhilar eomponents include ground substance and fibers. 

5. The tongue epithelium is nonkeratinized. 

6. Maerophages develop from monoeytes. 

8. Brown fat produces no ATP. 

9. In metaplasia, one mature tissue type transforms into another. 

Figure Legend Questions 

3.1 The microtubule could be drawn roughly as two parallel bars, like the 

upper right diagram of figure 3.2, but if the globular tubulin molecules 
were taken into account (see fig. 2.17), eaeh bar could be shown as a linear 
ehain of spherieal tubulin molecules. 

3.13 Dense regular eonneetive tissue 
3.29 Exocytosis 

3.31 The holoerine gland (e), because its eells are destroyed in the proeess of 

beeoming the seeretion and they need continual replaeement. 

3.32 The esophagus, stomaeh, and intestines, for example, are lined with 

mucous membranes; the outer surfaces of the liver, spleen, stomaeh, and 
intestines are eovered with serous membranes. 

Chapter 4 

Testing Your Reeall 


1 . 

b 

8. 

a 

14. 

implantation 

2. 

b 

9. 

e 

15. 

ehorionie villi 

3. 

d 

10. 

d 

16. 

aerosome 

4. 

e 

11. 

teratogens 

17. 

uterine tube 

5. 

a 

12. 

nondisjunction 

18. 

somites 

6. 

e 

13. 

neural groove or 

19. 

polyspermy 

7. 

e 


neural tube 

20. 

embryo 


Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. half—haploid 

2. sex eell—gametogenesis 

3. union—zygote 

4. nourish—trophoblast 

5. head—hydrocephalus 

6. female—gyneeomastia 

7. production of—embryogenesis 


8. together, united—syneytiotrophoblast 

9. middle—mesoderm 

10. monster—teratogen 

True or False 

(These items are false for the reasons given; all others are true.) 

1. Sperm must undergo eapaeitation first. 

2. Fertilization occurs in the uterine tube. 

3. Several sperm must digest a path for the one that fertilizes the egg. 

8. Oogenesis produces one large ooeyte and small disearded polar bodies. 

10. The energy eomes from the midpieee mitoehondria. 

Figure Legend Questions 

4.2 An egg will have died by the time it reaehes the uterus if it was not 

already fertilized. 

4.9 At about 8 weeks 

4.10 There are two arteries and one vein. Blood in the vein is more oxygenated 

than blood in the arteries. 

4.12 If an XX egg was fertilized by a Y-bearing sperm, the result would be 

Klinefelter syndrome (XXY). If the egg with no sex ehromosome was 
fertilized by a Y-bearing sperm, the resulting YO zygote would soon die 
for laek of eritieal genes found only on X ehromosomes; no birth would 
result. 

4.13 It was a female, as we ean tell from the two X ehromosomes at the lower 

right. 

Chapter 5 

Testing Your Reeall 


1 . 

d 

8. 

a 

15. 

dermal papillae 

2. 

e 

9. 

a 

16. 

earwax 

3. 

d 

10. 

d 

17. 

sebaceous glands 

4. 

b 

11. 

dermato-, cutane- 

18. 

cuticle 

5. 

a 

12. 

piloereetor (arreetor pili) 

19. 

dermal papilla 

6. 

e 

13. 

keratin, eollagen 

20. 

seeond-degree 

7. 

e 

14. 

eyanosis 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. skin—dermatology 

2. above, upon—epidermal 

3. below—subcutaneous 

4. nipple—papillary 

5. blaek—melanoma 

6. blue—eyanosis 

7. elear—stratum lucidum 

8. little—papilla 

9. hair—piloereetor 

10. eaneer—eareinoma 

True or False 

(These items are false for the reasons given; all others are true.) 

3. The dermis is mainly eollagen. 

4. Vitamin D synthesis begins in the keratinoeytes and is eompleted in the liver 
and kidney s. 

7. The hypodermis is not part of the skin. 

8. People of all eolors have similar densities of melanoeytes. 

9. Melanoma is the most deadly but least eommon form of skin eaneer. 

Figure Legend Questions 

5.5 Keratinoeytes 
5.7 The cuticle 

5.10 Terminal hair; they are eonneeted to the follieles of the eoarse hairs of the 

pubic, axillary, and beard regions. 

5.13 Asymmetry (A), border irregularity (B), and eolor (C). The photograph 

does not provide enough information to judge diameter (D). 
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A-3 


Chapter 6 

Testing Your Reeall 


1 . 

e 

8. 

e 

15. 

parathyroid 

2. 

a 

9. 

b 

16. 

articular eartilage 

3. 

d 

10. 

d 

17. 

osteoblasts 

4. 

e 

11. 

hydroxyapatite 

18. 

osteoporosis 

5. 

d 

12. 

canaliculi 

19. 

metaphysis 

6. 

e 

13. 

appositional 

20. 

intramembranous ossifieation 

7. 

d 

14. 

osteons 




Bnilding Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. bone—periosteum 

2. double—diploe 

3. spaee, eavity—lacuna 

4. breakdown, destroyer—osteoelast 

5. medieal eondition—osteoporosis 

6. aeross—diaphysis 

7. study of—osteology 

8. joint—articular 

9. little—canaliculus 

10. like, resembling—osteoid 


True or False 

(These items are false for the reasons given; all others are true.) 

1. The vertebral bodies are derived from the selerotomes. 

2. Adults have fewer bones than ehildren do. 

4. The zygomatie proeesses of the temporal bone and maxilla also contribute to 
the areh. 

5. The dura mater lies loosely against most of the eranmrn. 

10. Lumbar vertebrae have transverse proeesses, but not transverse eostal faeets. 

Figure Legend Questions 

7.7 They produce turbulence in the airflow and support the mucous mem- 

branes that warm, eleanse, and humidify inhaled air. 

7.8 The anterior portion of the skull would be much heavier and the skull 

would tend to tip forward. More effort would be required to oppose this. 

7.16 The hyoid is a delieate, easily broken bone, and its loeation subjects it to frae- 

ture by a rope, hands, or other means of strangulation applied around the neek. 

7.24 The dens would rip through and severely damage the spinal eord. 

7.30 Most joints of an infant are still cartilaginous and therefore not very resis- 

tant to stress. 

7.36 The himbar vertebrae and dises must bear more weight from the body and 

from heavy objeets that one lifts, and are therefore the most likely ones to 
herniate. The eervieal vertebrae and dises bear very little weight. 

Chapter 8 


True or False 

Testing Your Reeall 



(These items are false for the reasons given; all others are true.) 

1. a 

8. b 

15. 

hamate 

3. The most eommon bone disorder is osteoporosis. 

2. e 

9. e 

16. 

interpubic dise 

4. The growth zone is the epiphyseal plate. 

3. e 

10. b 

17. 

eraral 

5. Osteoelasts develop from stem eells related to monoeytes. 

4. b 

11. pollex, hallux 

18. 

styloid 

7. The protein of the bone matrix is eollagen. 

5. a 

12. scapula 

19. 

troehanters 

9. Only the red bone marrow is hemopoietie. 

6. d 

13. 56 

20. 

medial longitudinal 

m 1 • 'W' t • 

7. e 

14. epieondyles 




cigure Legena (juestions 


6.1 The wide epiphyses provide expanded surface area for bone articulation 

and for tendon and ligament attaehments. Joints would be very unstable if 
they were as narrow as the diaphysis. 

6.4 Spongy bone 

6.6 The erest of the hip and the sternum 

6.7 The parietal and frontal bones (answers may vary) 

6.9 The humerus, radius, ulna, femur, tibia, and fibula (any two) 

6.11 The zones of eell proliferation and hypertrophy (2 and 3) 


Chapter 7 


Testing Your Reeall 


1. b 

8. a 

15. anulus fibrosus 

2. e 

9. e 

16. dens 

3. a 

10. e 

17. auricular 

4. d 

11. fontanels 

18. false, floating 

5. a 

12. temporal 

19. eostal eartilages 

6. b 

13. sutures 

20. xiphoid proeess 

7. a 

14. sphenoid 



Biiileling Your Medieal Voeabiilary 

(Answers may vary; these are aeeeptable examples.) 

1. ehest—peetoralis 

2. peak, apex, extremity—aeromion 

3. little—ossiele 

4. above—supraspinous 

5. wrist—earpal 

6. head—capitulum 

7. little—acetabulum 

8. beyond, next in a series—metaearpal 

9. ear—auricular 

10. ankle—tarsal 

True or False 

(These items are false for the reasons given; all others are true.) 

2. Eaeh hand and foot has 14 phalanges. 

3. The upper limb is attaehed at the glenohumeral joint. 

5. The arm eontains only the humerus, but the leg eontains the tibia and fibula. 
7. The most frequently broken bone is the elaviele. 

10. That opening is the pelvie inlet. 


Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. skull—eranial 

2. time—temporal bone 

3. breast—mastoid proeess 

4. stone—petrous 

5. layer—lamina 

6. wing—pterygoid 

7. erest, ridge—erista galli 

8. tears—laerimal bone 

9. rib—eostal eartilage 

10. foot—pediele 


Figure Legend Questions 

8.1 See Deeper Insight 8.1 for the reasons. 

8.2 It is attaehed at the glenoid eavity to the humerus and attaehed at the aero- 

mion to the elaviele. 

8.5 In this adult hand, the epiphyseal plates of ehildhood have elosed and there 

are no gaps between the epiphyses and diaphyses. 

8.6 During birth, the fetal head must pass through the narrow pelvie inlet and 

outlet. It could not do so if the eranial bones were immovably fused; the 
infant must be born before the bones fuse at the sutures and fontanels. 

8.10 Four: the head, the medial eondyle, the lateral eondyle, and the patellar surface 

8.14 The sesamoid bone. The others are present at birth, but sesamoid bones 

develop later in response to stresses such as walking. 
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Chapter 9 

Testing Your Reeall 


1 . 

e 

8. 

d 

15. 

gomphosis 

2. 

b 

9. 

b 

16. 

serrate 

3. 

a 

10. 

b 

17. 

extension 

4. 

e 

11. 

synovial fluid 

18. 

range of motion 

5. 

e 

12. 

bursa 

19. 

rheumatologist 

6. 

e 

13. 

pivot 

20. 

menisei 

7. 

e 

14. 

kinesiology 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. joint—arthritis 

2. baek—reposition 

3. together—symphysis 

4. both—amphiarthrosis 

5. growth—diaphysis 

6. around—circumduction 

7. away—abduction 

8. toward—adduction 

9. to lead—abduction 

10. motion—kinesiology 

True or False 

(These items are false for the reasons given; all others are true.) 

1. Osteoarthritis is much more eommon than rheumatoid arthritis. 

2. A doetor who treats arthritis is a rheumatologist. 

3. Synovial joints are diarthroses. 

5. This aetion hyperextends the shoulder; the elbow eannot be hyperextended. 
9. Synovial fluid fills the bursae but is seereted by the synovial membrane of 
the joint capsule. 

Figure Legend Questions 

9.1 A gomphosis is a joint between a bone and a tooth; teeth are not bones. 

9.3 The interpubic dise is only the fibroeartilage pad; the pubic symphysis is 

the dise plus the adjaeent areas of the pubic bones. 

9.4 Interphalangeal joints are not subject to routine eompression. 

9.14 The atlas 

9.17 Variable answers; for example, ehanging direetion when walking or mnning, 

walking on a roeky trail, or inspeeting the bottom of one’s foot for a thorn 
9.19 The glenoid labmm 

Chapter 10 

Testing Your Reeall 


1. 

e 

8. e 

14. 

myosin 

2. 

e 

9. d 

15. 

faseiae 

3. 

e 

10. b 

16. 

myoglobin 

4. 

a 

11. synaptie vesieles 

17. 

Z dises 

5. 

e 

12. neuromuscular junction 

18. 

sphineter 

6. 

e 

or motor end plate 

19. 

myoblasts 

7. 

e 

13. terminal eisternae 

20. 

peristalsis 


Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. muscle—myofibril 

2. band—faseiele 

3. spindle—fusiform 

4. flesh, muscle—sareolemma 

5. bad, abnormal, difficult—dystrophy 

6. muscle—endomysium 

7. against—antagonist 

8. work, aetion—synergist 

9. segment—sareomere 

10. feather—bipennate 


True or False 

(These items are false for the reasons given; all others are tme.) 

4. The expression slow oxidative refers to skeletal muscle fibers. 

5. One motor neuron ean supply from a few to a thousand muscle fibers. 

6. Calcium binds to troponin, not to myosin. 

9. The blood vessels beeome wavy when the muscle shortens. 

10. Muscle growth involves an inerease in muscle fiber thiekness, not in their 
number. 

Figure Legend Questions 

10.1 Unlike the other muscle types, the skeletal muscle here exhibits long paral- 

lel fibers with no branehing or tapering, and many nuclei in eaeh fiber. Its 
striations also distinguish it from smooth muscle. 

10.3 Strength depends on both faseiele arrangement and muscle diameter. A 

large parallel muscle could be stronger than a small pennate muscle. 

10.4 The bieeps braehii and distal end of the trieeps braehii (both heads) exhibit 

indireet attaehments. The braehialis and lateral head of the trieeps braehii 
exhibit direet attaehments. 

10.5 It is a first-elass lever because the fulcrum lies between the effort and 

resistanee. 

10.8 The function of the T tubule is to stirmilate the opening of calcium gates in 

the terminal eisternae. 


Chapter 11 


Testing Your Reeall 


1. b 

8. a 

14. hypoglossal 

2. e 

9. e 

15. digastrie 

3. a 

10. d 

16. urogenital triangle 

4. e 

11. ereetor spinae 

17. linea alba 

5. e 

12. bulbospongiosus 

18. larynx 

6. e 

13. levator palpebrae 

19. sternoeleidomastoid 

7. a 

superioris 

20. trapezius 


Biiilding Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. triangular—deltoid 

2. raise—levator labii superioris 

3. eye—orbicularis oculi 

4. away, apart—aponeurosis 

5. mouth—orbicularis oris 

6. finger, toe—flexor digitomm 

7. lip—depressor labii inferioris 

8. same—ipsilateral 

9. tongue—hypoglossal 

10. two—digastrie 

True or False 

(These items are false for the reasons given; all others are true.) 

1. The sternoeleidomastoid tilts the head forward and medially. 

5. Normal exhalation is passive and does not employ the internal intereostals. 

6. The floor of the mouth is formed by the mylohyoid muscle. 

7. The sealenes are deep to the trapezius. 

10. Only eranial nerves III, V, VII, XI, and XII innervate head and neek 
muscles. 

Figure Legend Questions 

11.4 Zygomaticus major, levator palpebrae superioris, orbicularis oris (answers 

may vary) 

11.6 If the mandible was already at its farthest right lateral excursion, the right 

medial pterygoid would help draw it baek to the zero position or midline 
(medial excursion), or it could eontraet still more to cause left lateral 
excursion. 

11.12 The peetoralis minor, subclavius, and the upper intereostal and serratus 

anterior muscles 
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Chapter 12 

Testing Your Reeall 


1 . 

e 

8. a 

15. 

retinacula 

2. 

e 

9. d 

16. 

adductor pollieis 

3. 

b 

10. a 

17. 

quadriceps femoris 

4. 

d 

11. deltoid 

18. 

eoraeobraehialis 

5. 

d 

12. great toe 

19. 

graeilis 

6. 

e 

13. teres, quadratus 

20. 

iliacus, psoas major 

7. 

b 

14. hamstring 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. sealloped—serratus anterior 

2. the baek—latissimus dorsi 

3. head—bieeps 

4. below—infraspinous 

5. round—pronator teres 

6. deep—flexor digitomm profundus 

7. bone—interosseous 

8. hip—iliacus 

9. broad—latissirmis dorsi 

10. largest—gluteus maximus 

True or False 

(These items are false for the reasons given; all others are true.) 

1. The plantaris muscle inserts on the foot by a tendon of its own. 

5. The interosseous rmiseles are pennate. 

7. The psoas major and rectus femoris are synergists in flexing the hip. 

8. Hamstring injuries usually result from rapid extension of the knee, not flexion. 
10. These rmiseles are on opposite sides of the tibia and aet as antagonists. 

Figure Legend Questions 

12.3 The deltoid 

12.6 Teres indieates that muscle’s rounded, eordlike shape; quadratus indieates 

that nmsele’s angular, four-sided shape. 

12.7 Those two muscles are found in the distal half of the forearm, whereas this 

seetion represents the more proximal muscles. 

12.12 Lifting the body to the next higher step when elimbing stairs; the baek- 

swing of the lower limb when walking or mnning (answers may vary) 
12.16 The soleus 


Atlas 

Muscle Test (fig. A.25) 


1. 

f 

11. 

X 

21. 

k 

2. 

b 

12. 

m 

22. 

d 

3. 

k 

13. 

n 

23. 

f 

4. 

P 

14. 

e 

24. 

b 

5. 

h 

15. 

g 

25. 

a 

6. 

y 

16. 

V 

26. 

u 

7. 

z 

17. 

f 

27. 

• 

J 

8. 

w 

18. 

e 

28. 

• 

ì 

9. 

e 

19. 

X 

29. 

g 

10. 

a 

20. 

w 

30. 

a 


Figure Legend Questions 

A.l The orbicularis oris; the trapezius 

A.5 Lungs, heart, thyrmis, liver, stomaeh, spleen, kidneys 

A.8 The sternoeleidomastoids 

A. 11 Posterior 

A. 13 Subcutaneous fat (adipose tissue) 

A. 18 Four 

A. 19 In part (a), at the base of the first metaearpal bone, between the two lead- 

ers from the “Flexion lines” label 
A.20 Deep to the rectus femoris 


A.21 The fibula 

A.24 There is no such bone; the great toe has only two phalanges, proximal 

and distal. 

Chapter 13 

Testing Your Reeall 


1 . 

e 

8. d 

15. 

oligodendroeytes 

2. 

e 

9. a 

16. 

axosomatic 

3. 

d 

10. e 

17. 

peripheral nervous system 

4. 

a 

11. afferent 

18. 

nemilemma, endonemimn 

5. 

e 

12. reverberating 

19. 

ganglia 

6. 

d 

13. aneneephaly 

20. 

postsynaptie 

7. 

a 

14. dendrites 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. pertaining to—anaxonic 

2. body—axosomatic 

3. nerve—neurosoma 

4. lipid—lipofuscin 

5. tree, braneh—axodendritic 

6. little—dendrite 

7. false—pseudounipolar 

8. few—oligodendroeyte 

9. e arry—afferent 

10. hard—rmiltiple selerosis 

True or False 

(These items are false for the reasons given; all others are tme.) 

4. Sensory (afferent) neurons eonneet sense organs to the CNS. 

6. The myelin sheath is deep to the neurilemma. 

7. Nodes of Ranvier also exist in the CNS. 

8. Interneurons are eontained entirely within the CNS. 

9. IJnipolar neurons have an axon and produce aetion potentials. 

Figure Legend Questions 

13.1 The PNS, because it is more exposed to trauma than the CNS. The CNS is 

proteeted by the eranial and vertebral bones. 

13.3 Afferent is derived from af(ad), meaning “toward,” and fer, meaning “to 

earry.” Afferent nemons earry signals toward the CNS. Efferent is derived 
from ef(ex), meaning “out.” Efferent nemons earry signals out of the CNS. 

13.4 The presenee of multiple dendrites 

13.8 Unmyelinated fibers conduct signals relatively slowly, but they occupy 

less spaee. 

13.9 Axosomatic 

Chapter 14 

Testing Your Reeall 


1 . 

e 

8. 

a 

15. 

eentral pattern generators 

2. 

e 

9. 

e 

16. 

phrenie 

3. 

d 

10. 

b 

17. 

decussation 

4. 

d 

11. 

ganglia 

18. 

proprioeeption 

5. 

e 

12. 

rami 

19. 

posterior root 

6. 

e 

13. 

spinoeerebellar 

20. 

tibial, eommon fibular 

7. 

e 

14. 

saeral 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. tail—caudal 

2. opposite, against—eontralateral 

3. side—anterolateral 

4. of one’s own—proprioeeptor 

5. slender—graeile fasciculus 

6. spinal eord—myelin 
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7. without—amyotrophie 

8. inflammation—poliomyelitis 

9. diaphragm—phrenie 

10. cut, seetion—dermatome 

True or False 

(These items are false for the reasons given; all others are true.) 

1. The graeile fasciculus is a sensory (aseending) traet. 

4. All spinal nerves are mixed nerves. 

5. The dura mater is set off from the vertebral bone by the epidural spaee. 

8. Dermatomes overlap eaeh other by as much as 50%. 

9. Many somatie reflexes involve the brain. 

Figure Legend Questions 

14.3 It would have to be T4 because the omeate fasciculus does not exist below 

level T 6. 

14.4 Heat and eold stimuli are earried to the opposite side of the spinal eord 

before aseending the spinothalamie traet to the brain. The phenomenon is 
ealled decussation. 

14.8 Unipolar (or pseudounipolar) 

14.10 It would result in a loss of sensation within the eorresponding region on 

that side of the body. 

14.13 Respiratory arrest would occur if both the right and left phrenie nerves 

were severed; severing only one of them paralyzes half of the diaphragm 
and severely diminishes ventilation of the ipsilateral lung. 

14.19 If the hamstrings eontraeted, they would promote flexion of the knee and 

thus oppose the knee-extending patellar tendon reflex. 


Chapter 15 

Testing Your Reeall 


1 . 

e 

8. 

d 

14. 

hippocampus 

2. 

d 

9. 

e 

15. 

ehoroid plexus 

3. 

e 

10. 

e 

16. 

preeentral 

4. 

a 

11. 

corpus callosum 

17. 

frontal 

5. 

e 

12. 

ventrieles, 

18. 

assoeiation cortex 

6. 

e 


eerebrospinal 

19. 

eategorieal 

7. 

a 

13. 

arbor vitae 

20. 

Broea area 


Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. turn, twist—gyras 

2. groove—sulcus 

3. brain—eerebram 

4. stalk—peduncle 

5. island—insula 

6. little—cerebellum 

7. new—neocortex 

8. four—eorpora quadrigemina 

9. leaf—folia 

10. radiating—eorona radiata 

True or False 

(These items are false for the reasons given; all others are trae.) 

1. The eerebral hemispheres are separated from eaeh other by the longitudinal 
fissure 

2. Degeneration of the substantia nigra causes Parkinson disease. 

5. The ehoroid plexuses produce only 30% of the CSF. 

6. Hearing is a temporal lobe function. 

10. The optie nerve earries visual signals, not motor signals. 

Figure Legend Questions 

15.1 The dura mater 

15.7 (To be answered by pointing out or marking structures in the illustration) 

15.8 (To be answered by pointing out or marking structures in the ilhistration) 
15.14 Dendrites 

15.19 Those with many small muscles 

15.21 No; everyone makes extensive use of both hemispheres. 


Chapter 16 

Testing Your Reeall 


1 . 

b 

8. 

d 

15. 

enterie 

2. 

e 

9. 

e 

16. 

neural erest 

3. 

e 

10. 

e 

17. 

sympathetie 

4. 

e 

11. 

adrenergie 

18. 

preganglionie, 

5. 

a 

12. 

dual innervation 


postganglionie 

6. 

e 

13. 

autonomic tone 

19. 

baroreeeptor 

7. 

d 

14. 

vagus 

20. 

vasomotor tone 


Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. rale—autonomic 

2. pressure—baroreeeptor 

3. viseera—splanehnie nerves 

4. kidney—renal 

5. feeling—sympathetie 

6. next to—paravertebral 

7. break down, destroy—sympatholytie 

8. self—autonomic 

9. braneh—ramus 

10. wall—intramural 

True or False 

(These items are false for the reasons given; all others are true.) 

1. Normally both divisions are aetive simultaneously. 

3. With biofeedbaek and other methods, some degree of voluntary eontrol 
is possible. 

4. It inhibits digestion. 

6. These reflexes ean occur, but are less eontrollable, without involvement of 
the brain. 

7. All parasympathetie fibers are eholinergie. 

Figure Legend Questions 

16.4 No; as explained in ehapter 11, inspiration and expiration are aehieved by 

skeletal muscles, which are not under autonomic eontrol. 

16.5 Sympathetie neurons arise from the lateral horn and somatie neurons from 

the anterior horn of the spinal eord. 

16.7 The vagus nerve 

16.9 Dilated, because fear aetivates the sympathetie division, which stimulates 

the pupillary dilator 

Chapter 17 

Testing Your Reeall 


1 . 

a 

8. 

e 

15. 

outer hair eells 

2. 

a 

9. 

e 

16. 

stapes 

3. 

a 

10. 

a 

17. 

inferior colliculi 

4. 

d 

11. 

fovea eentralis 

18. 

taste hairs 

5. 

b 

12. 

ganglion 

19. 

olfaetory bulb 

6. 

e 

13. 

noeieeptor 

20. 

referred pain 

7. 

d 

14. 

otoliths 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. pain—noeieeptor 

2. without—anosmia 

3. thre ad—filiform 

4. ear—otitis media 

5. pulley—troehlea 

6. pit, depression—fovea eentralis 

7. pain—analgesie 

8. like—foliate 

9. dram—tympanie 

10. making a new opening—tympanostomy 
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True or False 

(These items are false for the reasons given; all others are true.) 

2. Afferent touch fibers end in the spinal eord and medulla oblongata. 

4. It eonsists of the axons of the retinal ganglion eells. 

8. Olfaetory neurons are direetly exposed to the external environment. 

9. The tympanie membrane has sensory fibers of the vagus and 
trigeminal nerves. 

10. The posterior ehamber, between the iris and lens, is filled with 
aqueous humor. 

Figure Legend Questions 

17.3 Posteentral gyrns; parietal lobe 

17.5 The basal eell ean divide, and one of its daughter eells ean beeome a new 

taste eell. 

17.14 High middle-ear pressure would interfere with inward movements of the 

tympanie membrane and therefore reduce the transfer of vibrations to the 
inner ear. 

17.16 The macula sacculi is vertieally oriented, so up or down movements in an 

elevator would cause the otolithie membrane to shift up or down aeross the 
hair eells and bend their stereoeilia. 

17.20 Watery eyes; tears would be unable to drain from the eye surface and 

would spill over the eyelid. 

17.21 CN III, the oculomotor nerve. This nerve eontrols four muscles, whereas 

the others eaeh eontrol only one. CN III is indispensable to the ability to 
look up, down, and sideways. 

Chapter 18 

Testing Your Reeall 


1. 

d 

8. a 

15. 

ghieoeortieoids 

2. 

d 

9. b 

16. 

anterior pituitary 

3. 

a 

10. e 

17. 

neuroendocrine 

4. 

e 

11. anterior pituitary 

18. 

interstitial 

5. 

d 

12. supraoptic nucleus 

19. 

zona fasciculata, ACTH 

6. 

d 

13. leptin 

20. 

enterie hormones 

7. 

a 

14. natriuretic peptides 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. seerete, separate—endoerine 

2. quick, sharp—oxytocin 

3. for, favoring—prolaetin 

4. nourish—gonadotroph 

5. body—corpus luteum 

6. shield—thyroid 

7. sodium—natriuretic 

8. heat—ealorigenie 

9. milk—laetotrope 

10. fear, repulsion—hydrophobie 

True or False 

(These items are false for the reasons given; all others are true.) 

2. The heart, brain, stomaeh, and kidneys seerete hormones but are not usually 
thought of as endoerine glands. 

4. The pineal gland and thymus shrink with age. 

5. The eenter of the adrenal gland is the adrenal medulla. 

8. The pituitary stalk is not a duct. 

9. There are two pairs of parathyroids and one pair of gonads. 

Figure Legend Questions 

18.1 Heart, liver, stomaeh, plaeenta (answers may vary) 

18.2 The posterior lobe, or neurohypophysis 
18.6 To seerete ealeitonin 

18.9 To seerete digestive enzymes 


Chapter 19 

Testing Your Reeall 


1 . 

b 

8. 

e 

15. 

serum 

2. 

e 

9. 

d 

16. 

hemostasis 

3. 

a 

10. 

b 

17. 

siekle-eell disease 

4. 

b 

11. 

hemopoiesis 

18. 

polyeythemia 

5. 

e 

12. 

hematoerit 

19. 

megakaryoeytes 

6. 

d 

13. 

maerophages 

20. 

erythropoietin 

7. 

d 

14. 

leukopenia 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. blood—hematology 

2. white—leukocyte 

3. blood eondition—anemia 

4. precursor—erythroblast 

5. red—erythroeyte 

6. large—megakaryoeyte 

7. bone marrow—myeloid leukemia 

8. blood elot—thrombosis 

9. large—maerophage 

10. formation, production—hemopoiesis 

True or False 

(These items are false for the reasons given; all others are true.) 

3. Anemia is the cause, not the result, of low blood oxygen eontent. 

4. Neutrophils are the most aetively antibaeterial WBCs. 

6. Neutrophils are the most abundant WBCs. 

9. RBCs live longer than most WBCs. 

10. WBC count is elevated in leukemia. 

Figure Legend Questions 

19.1 Nuclei 

19.3 The developing erythroeyte sinks in at this point when its nucleus shrivels 

and is ejeeted from the eell. 

19.4 To the Fe at the eenter of the heme group 

19.8 It means “marrow” and refers to the faet that this proeess occurs in the red 

bone marrow. 

19.10 Fibrin 

Chapter 20 

Testing Your Reeall 


1 . 

d 

8. 

a 

15. 

gap junctions 

2. 

b 

9. 

b 

16. 

valvular prolapse 

3. 

a 

10. 

b 

17. 

vagus 

4. 

d 

11. 

systole, diastole 

18. 

myoeardial infaretion 

5. 

e 

12. 

systemie 

19. 

endocardium 

6. 

e 

13. 

eoronary sulcus 

20. 

sinus venosus 

7. 

d 

14. 

Purkinje fibers 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. heart—eardiology 

2. upon, above—epicardium 

3. half—semilunar 

4. pertaining to—eoronary 

5. small—ventriele 

6. arising from—myogenie 

7. moon—semilunar 

8. crown—eoronary 

9. belly—ventriele 

10. band—faseia adherens 
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True or False 

(These items are false for the reasons given; all others are true.) 

1. About 20% of the blood returns to the right atrium by way of thebesian veins. 

5. The heart does not require nervous stimulation to beat. 

7. It is anastomoses of the arteries, not veins, that serve this purpose. 

8. The primordial ventriele develops into the left ventriele only. 

9. There are no valves at the entranees to the right atrium. 


Figure Legend Questions 


20.1 Both. The pulmonary circuit delivers blood to the lungs for gas exchange. 

The systemie circuit delivers blood for nourishment of the pulmonary tissues. 

20.2 To the left 

20.7 The trabeculae earneae. They are ridges in the ehamber wall, not anehors 

for tendinous eords. 

20.9 They prevent the AV valves from prolapsing into the atria when the ven- 

trieles eontraet. 

20.13 The right atrium 

20.14 The gap junctions 


Chapter 21 

Testing Your Reeall 


1. e 

8. b 

15. 

ehemoreeeptors 

2. b 

9. b 

16. 

transeytosis 

3. a 

10. b 

17. 

superior vena eava, inferior 

4. e 

11. fenestrated 


vena eava 

5. b 

12. continuous eapillaries 

18. 

earotid sinuses 

6. b 

13. endothelmm 

19. 

eerebral arterial eirele 

7. d 

14. eommon iliae 

20. 

basilie, eephalie 

Building Your Medieal Vocabulary 




(Answers may vary; these are aeeeptable examples.) 

1. vessel—vasodilation 

2. added to—adventitia 

3. window—fenestrated 

4. head—braehioeephalie 

5. neek, throat—jugular 

6. vessel—angiogenesis 

7. belly, abdomen—eeliae trunk 

8. knee—genicular artery 

9. of, belonging to—vasa vasomrn 

10. bladder—vesieal artery 


True or False 

(These items are false for the reasons given; all others are true.) 

2. They reeeive blood from the eeliae trunk. 

4. Blood sometimes passes through portal systems (two eapillary beds) or 
anastomoses (bypassing eapillaries). 

5. It is formed by the union of the two braehioeephalie veins. 

7. The tunica media is nourished mainly by eapillaries of the vasa vasomrn. 
9. One or more arteries of the eirele are missing in 80% of people. 


Figure Legend Questions 

21.1 Arteries are subjected to greater blood pressure and must expand and 

reeoil in phase with the heartbeat. 

21.6 Endoerine glands, kidneys, small intestine (answers may vary) 

21.10 Veins have thinner walls and less elastie tissue, and therefore expand more 

easily to aeeommodate a larger volume of blood. 

21.12 Arterial anastomoses: the eerebral arterial eirele, circumflex humeral 

arteries, and deep palmar areh. Venous anastomoses: union of the radial 
veins near the elbow, union of the left and right gastrie veins, the dorsal 
venous areh of the foot joining the great and small saphenous veins. (Many 
other examples of both ean be eited; answers may vary.) 

21.25 Like the gonadal arteries, these veins are much shorter when the gonads 

begin their development high in the abdominal eavity, near the kidneys. 
The veins grow as the fetal gonads migrate downward. 

21.27 Anastomoses allow for continued blood flow through alternate routes when 

joint movements temporarily eompress an artery and shut off its flow. 


Chapter 22 

Testing Your Reeall 


1 . 

b 

8. e 

15. 

eisterna ehyli 

2. 

e 

9. e 

16. 

plasma 

3. 

e 

10. d 

17. 

antigen-presenting eells 

4. 

a 

11. pathogen 

18. 

red bone marrow 

5. 

e 

12. ehy le 

19. 

lymphatie nodules 

6. 

e 

13. eolleeting vessels 

20. 

autoimmune 

7. 

a 

14. right lymphatie duct, 





thoraeie duct 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. producing—pathogen 

2. inflammation—lymphadenitis 

3. gland—lymphadenitis 

4. cutting out—tonsilleetomy 

5. disease—lymphadenopathy 

6. water—lymphatie 

7. free—imrmmodefieieney 

8. enlargement—splenomegaly 

9. mass, tumor—lymphoma 

10. juice—eisterna ehyli 

True or False 

(These items are false for the reasons given; all others are tme.) 

1. B eells are involved in adaptive immunity only. 

4. Helper T eells also play a role in humoral immunity. 

7. Both B and T eells populate the lymph nodes. 

8. Lymphatie nodules are temporary and have no capsules. 

9. Tonsilleetomy is now a much less eommon treatment than it used to be. 

Figure Legend Questions 

22.3 Gaps between the endothelial eells are much larger in lymphatie eapillaries 

than they are in blood eapillaries. 

22.5 (1) It prevents the accumulation of excess tissue fluid (edema). (2) It 

enables immune eells in the lymph nodes to continually monitor the tissue 
fluids for foreign matter. 

22.6 Cancer eells breaking free of a breast tumor enter the lymphaties and 

often lodge and seed the growth of seeondary (metastatie) tumors in these 
nearby lymph nodes. 

22.10 The reticular epithelial eells 

22.14 Erythroeytes account for the eolor of red pulp; lymphoeytes and maero- 

phages account for the eolor of white pulp. 

Chapter 23 

Testing Your Reeall 


1 . 

e 

8. 

a 

15. 

obstructive 

2. 

e 

9. 

e 

16. 

dead spaee 

3. 

a 

10. 

e 

17. 

thyroid 

4. 

e 

11. 

laryngopharynx 

18. 

ventral respiratory group 

5. 

b 

12. 

bronehial tree 

19. 

hilum 

6. 

e 

13. 

alar 

20. 

alveolar maerophages 

7. 

d 

14. 

eonehae 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. rough—traehea 

2. small eavity—alveolus 

3. expansion—ateleetasis 

4. smoke, earbon dioxide—hypereapnia 

5. nose—nasal septmn 

6. to breathe—inspiration 

7. inflammation—emphysema 

8. lung—pulmonary 
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9. windpipe—bronchus 
10. air, lung—pneumothorax 

True or False 

(These items are false for the reasons given; all others are true.) 

1. The glottis is at the superior end of the larynx, not the inferior 
(traeheal) end. 

3. The spaee between the parietal and viseeral pleurae eontains only a thin film 
of pleural fluid. 

4. Normal expiration is not produced by muscular eontraetion. 

8. The aortie and earotid simises monitor blood pressure. 

9. The respiratory system begins as a bud arising from the floor of 
the pharynx. 

Figure Legend Questions 

23.2 The line should be drawn between the larynx and traehea labels. 

23.3 The septal eartilage 

23.4 The epiglottie, corniculate, and arytenoid eartilages 
23.8 To seerete mucus 

23.10 By its laek of eartilage 


Chapter 24 

Testing Your Reeall 


1 . 

a 

8. 

a 

15. 

vagus 

2. 

b 

9. 

a 

16. 

parietal 

3. 

b 

10. 

e 

17. 

hepatie sinusoids 

4. 

d 

11. 

enterie nervous system 

18. 

eardiae orifiee 

5. 

e 

12. 

pylorie sphineter 

19. 

cementum 

6. 

e 

13. 

parotid 

20. 

lingual papillae 

7. 

a 

14. 

hepatie portal system 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. stomaeh—gastrie 

2. intestine—myenterie 

3. food—alimentary 

4. behind—retroperitoneal 

5. eheek—buccal 

6. gatekeeper—pyloms 

7. fold, erease—ruga 

8. letter S —sigmoid eolon 

9. straight—rectum 

10. liver—hepatoeyte 

True or False 

(These items are false for the reasons given; all others are true.) 

1. The panereas is retroperitoneal, but the liver is not. 

2. A tooth is eomposed mainly of dentin. 

3. Bile is seereted into bile canaliculi, not into the sinusoids. 

7. The greater omentum is not attaehed to the body wall. 

9. The muscularis externa of the stomaeh has three layers. 

Figure Legend Questions 

24.6 The premolars and third molars 

24.7 The enamel 

24.11 The stomaeh wall has three layers of muscle; the esophagus has two. 
24.16 The autonomic nervous system eontrols the internal anal sphineter, 

and the somatie nervous system eontrols the external anal sphineter. 
This ean be deduced from the faet that the internal sphineter is smooth 
(involuntary) muscle and the external sphineter is skeletal (vohmtary) 
muscle. 

24.18 The hepatie portal vein and the right and left hepatie arteries 


Chapter 25 

Testing Your Reeall 


1 . 

e 

8. 

b 

15. 

podoeytes 

2. 

d 

9. 

d 

16. 

proximal convoluted tubule 

3. 

a 

10. 

a 

17. 

thin segment 

4. 

e 

11. 

urea 

18. 

detrasor 

5. 

e 

12. 

ureteric bud 

19. 

minor calyx 

6. 

b 

13. 

trigone 

20. 

arcuate 

7. 

d 

14. 

macula densa 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. nitrogen—azotemia 

2. kidney—nephron 

3. little ball—glomerulus 

4. stone—lithotripsy 

5. foot—podoeyte 

6. urine—anuria 

7. pateh—macula densa 

8. nextto—juxtaglomerular 

9. basin—pelvis 

10. bladder—eystitis 

True or False 

(These items are false for the reasons given; all others are true.) 

1. The ureters open into the floor of the bladder. 

2. ADH is seereted by the posterior lobe of the pituitary gland. 

4. A substantial amount of fluid passes through the tight junctions. 

6. The glomerahis is not loeated within the capsular spaee. 

9. The kidneys are normally in the upper abdominal eavity. 

Figure Legend Questions 

25.1 The kidney itself eannot be palpated, but its position ean be inferred by 

palpating ribs 11 and 12 and relating that to this figure. 

25.2 It would have to be moved into the dark peritoneal eavity toward the 

upper left, where the spleen and eolon are shown, anterior to the parietal 
peritoneum. 

25.4 This is an anterior view, because the renal artery and vein lie anterior to 

the ureter. Compare the posterior view in figure 25.3b. 

25.9 The afferent arteriole is larger than the efferent. This gives the glomerulus 

a large inlet, a small outlet, and consequently a high blood pressure, which 
is important for the filtration proeess. 

25.11 An enlarged prostate gland eompresses the prostatie urethra, the 

bladder’s exit. 


Chapter 26 

Testing Your Reeall 


1 . 

a 

8. 

e 

15. 

endometrium 

2. 

a 

9. 

e 

16. 

seminal vesieles 

3. 

e 

10. 

d 

17. 

sustentacular 

4. 

b 

11. 

mesonephrie 

18. 

prostate gland 

5. 

e 

12. 

fraetose 

19. 

corpus luteum 

6. 

a 

13. 

pampiniform plexus 

20. 

infundibulum, fimbriae 

7. 

d 

14. 

folliele 




Building Your Medieal Vocabulary 

(Answers may vary; these are aeeeptable examples.) 

1. marriage, union—gamete 

2. seed—gonorrhea 

3. uterus—hystereetomy 
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4. sheath—vagina 

5. white—timiea albuginea 

6. egg—ovary 

7. egg—oogenesis 

8. to earry—cumulus oophoras 

9. yellow—corpus luteum 

10. uteru s—endometrium 

True or False 

(These items are false for the reasons given; all others are trae.) 

1. The folliele does not leave the ovary. 

2. The uterine tubes develop from paramesonephrie ducts. 

4. The folliele that ovulates is the mature (graafian) folliele. 


6. The female reproductive system develops as a result of a low androgen level. 
8. The pampiniform plexus helps to keep the testes eool. 

Figure Legend Questions 

26.6 After meiosis, the resulting daughter eells will be genetieally different 

from the rest of the body and would be subject to attaek by blood-borne 
antibodies or immune eells if not proteeted from them. 

26.9 If it was eonfined within a tunica albuginea, engorgement of the corpus 

spongiosum would probably eompress the urethra and bloek ejaculation. 

26.20 The paraurethral glands 

26.21 They eompress the acinus and expel milk into the lactiferous ducts. 

26.24 The word root vagin means “sheath,” which aptly deseribes the tunica 

vaginalis as a sheath or pouch of peritoneum. 









APP 


N D IX B 



Lexicon of Biomedieal Word Elements 


a- no, not, without (atom, agranulocyte) 
ab- away (abducens, abduction) 
acetabulo- small cup (acetabulum) 
aero- tip, extremity, peak (aeromion, aeromegaly, 
aerosome) 

ad- to, toward, near (adsorption, adrenal) 
adeno- gland (lymphadenitis, adenohypophysis, 
adenoids) 

aero- air, oxygen (aerobie, anaerobe) 

af- toward (afferent) 

ag- together (agglutination) 

-al pertaining to (parietal, pharyngeal, temporal) 
ala- wing (ala nasi) 

albi- white (albieans, linea alba, albino) 
algi- pain (analgesie, myalgia) 
aliment- nourishment (alimentary, hyperalimentation) 
allo- other, different (allele, allopathie) 
amphi- both, either (amphiphilie, amphiarthrosis) 
an- without (anaerobie, anemie) 
ana- 1. up, build up (anabolie, anaphylaxis). 2. apart 
(anaphase, anatomy). 3. baek (anastomosis) 
andro- male (androgen, andropause) 
angi- vessel (angiogram, angioplasty, hemangioma) 
ante- before, in front (antebrachium) 
antero- forward (anterior, anterograde) 
anti- against (antidiuretic, antibody, antagonist) 
apo- from, off, away, above (apoerine, aponeurosis) 
arbor- tree (arboreal, arborization) 
artie- 1. joint (articulation). 2. speeeh (articulate) 
-ary pertaining to (axillary, eoronary) 

-ase enzyme (polymerase, kinase, amylase) 
ast-, astro- star (aster, astroeyte) 

-ata, -ate 1. possessing like (corniculate, emeiate). 

2. plural of -a (stomata, eareinomata) 
athero- fat (atheroma, atheroselerosis) 
atrio- entryway (atrium, atrioventricular) 
auri- ear (auricle, binaural) 
auto- self (autonomic, autoimmune) 
axi- axis, straight line (axial, axoneme, axon) 
baro- pressure (baroreeeptor, hyperbarie) 
bene- good, well (benign, benefieial) 
bi- two (bipedal, bieeps, bifid) 
bili- bile (biliary, bilirubin) 
bio- life, living (biology, biopsy, mierobial) 
blasto- precursor, bud, producer (fibroblast, 
osteoblast, blastomere) 

braehi- arm (brachium, braehialis, antebrachium) 
brady- slow (bradyeardia, bradypnea) 
bucco- eheek (buccal, buccinator) 
burso- purse (bursa, bursitis) 
eale- calcium, stone (ealeified, calcaneus, 
hypoealeemia) 

eallo- thiek (callus, callosum) 

ealori- heat (ealorie, ealorimetry, ealorigenie) 


ealv-, ealvari- bald, skull (ealvaria) 

calyx cup, vessel, ehaliee (glycocalyx, renal calyx) 

eapito- head (eapitis, eapitate, capitulum) 

eapni- smoke, earbon dioxide (hypoeapnia) 

eareino- eaneer (eareinogen, eareinoma) 

eardi- heart (eardiae, eardiology, pericardium) 

earot- 1 . earrot (earotene). 2. stupor (earotid) 

earpo- wrist (carpus, metaearpal) 

ease- eheese (easeosa, easein) 

eata- down, break down (eatabolism) 

cauda- tail (cauda equina, caudate nucleus) 

-eel little (pedieel) 
eeli- belly, abdomen (eeliae) 
eentri- eenter, middle (eentromere, eentriole) 
eephalo- head (eephalie, eneephalitis) 
eervi- neek, narrow part (cervix, eervieal) 
ehiasm- eross, X (optie ehiasm) 
ehole- bile (eholeeystokinin, eholelithotripsy) 
ehondro- 1 . grain (mitoehondria) . 2. eartilage, gristle 
(ehondroeyte, perichondrium) 
ehromo- eolor (triehromat, ehromatin, eytoehrome) 
ehrono- time (ehronotropie, ehronie) 
eili- eyelash (cilium, supraciliary) 
eire- about, around (eireadian, circumduction) 
eis- cut (ineision, ineisor) 
eisterna- reservoir (eisterna ehyli) 
elast- break down, destroy (osteoelast) 
elavi- hammer, club (elaviele, supraclavicular) 

-ele little (tubercle, corpuscle) 

eleido- elaviele (sternoeleidomastoid) 

enemo- lower leg (gastroenemms) 

eo- together (eoenzyme, eotransport) 

eollo- 1 . hill (colliculus). 2. glue (eolloid, eollagen) 

eontra- opposite (eontralateral) 

eorni- horn (eornified, corniculate, cornu) 

eorono- crown (eoronary, eorona, eoronal) 

eorpo- body (corpus luteum, eorpora quadrigemina) 

eorti- bark, rind (cortex, eortieal) 

eosta- rib (intereostal, subcostal) 

coxa- hip (os coxae, coxal) 

erani- helmet (cranium, epicranius) 

eribri- sieve, strainer (eribriform, area eribrosa) 

erino- separate, seerete (holoerine, endoerinology) 

erista- erest (erista ampullaris, mitoehondrial erista) 

erito- to separate (hematoerit) 

cruci- eross (emeiate ligament) 

-cule, -culus small (canaliculus, trabecula, auricular) 
cune- wedge (cuneiform, cuneatus) 
cutane-, cuti- skin (subcutaneous, cuticle) 
eysto- bladder (eystitis, eholeeysteetomy) 
eyto- eell (eytology, eytokinesis, monoeyte) 
de- down (defeeate, deglutition, dehydration) 
demi- half (demifaeet, demilune) 
den-, denti- tooth (dentition, dens, dental) 


dendro- tree, braneh (dendrite, oligodendroeyte) 
derma-, dermato- skin (eetoderm, dermatology, 
hypodermie) 

desmo- band, bond, ligament (desmosome, 
syndesmosis) 

dia- 1 . aeross, through, separate (diaphragm, dialysis). 
2. day (eireadian) 

dis- 1 . apart (disseet, dissoeiate). 2. opposite, absenee 
(disinfeet, disability) 

diure- pass through, urinate (dimetie, diuresis) 
dorsi- baek (dorsal, dorsum, latissimus dorsi) 
duc- to earry (duct, adduction, abducens) 
dys- bad, abnormal, painful (dyspnea, dystrophy) 
e- out (ejaculate, eversion) 

-eal pertaining to (hypophyseal, arboreal) 
ee-, eeto- outside, out of, external (eetopie, eetoderm, 
spleneetomy) 

ef- out of (efferent, effusion) 

-el, -elle small (fontanel, organelle, mieelle) 
eleetro- eleetrieity (eleetroeardiogram, eleetrolyte) 
em- in, within (embolism, embedded) 
emesi-, emeti- vomiting (emetie, hyperemesis) 

-emia blood eondition (anemia, hypoxemia, 
hypovolemie) 

en- in, into (enzyme, parenehyma) 
eneephalo- brain (eneephalitis, teleneephalon) 
enehym- poured in (mesenehyme, parenehyma) 
endo- within, into, internal (endoerine, endoeytosis) 
entero- gut, intestine (mesentery, myenterie) 
epi- upon, above (epidermis, epiphysis, epididymis) 
ergo- work, aetion (allergy, adrenergie) 
eryth-, erythro- red (erythema, erythroeyte) 
esthesio- sensation, feeling (anesthesia, somesthetie) 
eu- good, true, normal, easy (eukaryote, eupnea, 
aneuploidy) 

exo- out (exocytosis, exocrine) 

faeili- easy (faeilitated) 

fasei- band, bundle (faseia, faseiele) 

fenestr- window (fenestrated, fenestra vestibuli) 

fer- to earry (efferent, uriniferous) 

ferri- iron (ferritin, transferrin) 

fibro- fiber (fibroblast, fibrosis) 

fili- thread (myofilament, filiform) 

flagello- whip (flagellum) 

foli- leaf (folie aeid, folia) 

-form shape (cuneiform, fusiform) 
fove- pit, depression (fovea) 
funiculo- little rope, eord (funiculus) 
fusi- 1 . spindle (fusiform). 2. pour out (perfusion) 
gamo- marriage, union (monogamy, gamete) 
gastro- belly, stomaeh (digastrie, gastrointestinal) 
-gen, -genie, -genesis producing, giving rise to 
(pathogen, eareinogenie, glyeogenesis) 
genio- ehin (geniohyoid, genioglossus) 
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germi- 1 . sprout, bud (germinal, germinativum). 

2. mierobe (germieide) 

gero- old age (progeria, geriatries, gerontology) 
gesto- 1 . to bear, earry (ingest). 2. pregnaney 
(gestation, progesterone) 
glia- glue (neuroglia, mieroglia) 
globu- ball, sphere (globulin, hemoglobin) 
glom- ball (glomerulus) 
glosso- tongue (hypoglossal, glossopharyngeal) 
glyeo- sugar (glyeogen, glyeolysis, hypoglyeemia) 
gono- 1 . angle, eorner (trigone). 2. seed, sex eell, 
generation (gonad, oogonium, gonorrhea) 
gradi- walk, step (retrograde, gradient) 

-gram reeording of (sonogram, eleetroeardiogram) 
-graph reeording instmment (sonograph, 
eleetroeardiograph) 

-graphy reeording proeess (sonography, 
radiography) 

gravi- severe, heavy (gravid, myasthenia gravis) 
gyro- turn, twist (gyrus) 
hallu- great toe (hallux, hallucis) 
hemi- half (hemidesmosome, hemisphere, 
hemiazygos) 

-hemia blood eondition (polyeythemia) 
hemo- blood (hemophilia, hemoglobin, hematology) 
hetero- different, other, various (heterozygous, 
heterosexual) 

histo- tissue, web (histology, histone) 
holo- whole, entire (holistie, holoerine) 
homeo- eonstant, unchanging, uniform (homeostasis, 
homeothermie) 

homo- same, alike (homologous, homozygous) 
hyalo- elear, glassy (hyaline, hyaluronic aeid) 
hydro- water (dehydration, hydrolysis, hydrophobie) 
hyper- above, above normal, excessive (hyperkalemia, 
hypertonie) 

hypo- below, below normal, defieient (hypogastrie, 
hyponatremia, hypophysis) 

-ia eondition (anemia, hypoealeemia, osteomalaeia) 
-ie pertaining to (isotonie, hemolytie, antigenie) 

-iele, -icul small (ossiele, canaliculus, reticular) 
ilia- flank, loin (ilium, iliae) 

-illa, -illus little (bacillus) 

-in protein (trypsin, fibrin, globulin) 
infra- below (infraspinous, infrared) 
ino- fiber (inotropie, inositol) 
insulo- island (insula, insulin) 
inter- between (intercellular, interealated, 
intervertebral) 

intra- within (intracellular, intraocular) 
iono- ion (ionotropie, eationie) 
isehi- to hold baek (ischium, isehemia) 

-ism 1, proeess, state, eondition (metabolism, 

rheumatism). 2. doetrine, belief, theory (holism, 
reductionism, naturalism) 
iso- same, equal (isometrie, isotonie, isomer) 
-issimus most, greatest (latissimus, longissimus) 

-ite little (dendrite, somite) 

-itis inflammation (dermatitis, gingivitis) 
jug- to join (conjugated, jugular) 
juxta- next to (juxtamedullary, juxtaglomerular) 
kali- potassium (hypokalemia) 
karyo- seed, nucleus (megakaryoeyte, karyotype, 
eukaryote) 

kerato- horn (keratin, keratinoeyte) 

kine- motion, aetion (kinetie, kinase, eytokinesis) 

labi- lip (labrnm, levator labii) 


laeera- torn, cut (foramen lacerum, laeeration) 
laerimo- tear, ery (laerimal gland, puncta laerimalia) 
laeto- milk (laetose, laetation, prolaetin) 
lamina- layer (lamina propria, laminar flow) 
latero- side (ipsilateral, vastus lateralis) 
lati- broad (faseia lata, latissimus dorsi) 

-lemma husk (sareolemma, neurilemma) 
lenti- lens (lentiform) 

-let small (platelet) 
leuko- white (leukocyte, leukemia) 
levato- to raise (levator labii, elevation) 
ligo- to bind (ligand, ligament) 
line- line (linea alba, linea nigra) 
litho- stone (otolith, lithotripsy) 

-logy study of (histology, physiology, hematology) 
lucid- light, elear (stratum lucidum, zona pelhieida) 
lun- moon, ereseent (lunate, lunule, semilunar) 
lute- yellow (macula lutea, corpus luteum) 
lyso-, lyto- split apart, break down (lysosome, 
hydrolysis, eleetrolyte, hemolytie) 
maero- large (macromolecule, maerophage) 
macula- spot (macula lutea, macula sacculi, macula 
densa) 

mali- bad (malignant, malocclusion, malformed) 
malle- hammer (malleus, malleolus) 
mammo- breast (mammary, Mammalia) 
mano- hand (manus, manipulate) 
manubri- handle (manubrium) 
masto- breast (mastoid, gyneeomastia) 
medi- middle (medial, mediastinum, intermediate) 
medullo- marrow, pith (medulla) 
mega- large (megakaryoeyte, hepatomegaly) 
melano- blaek (melanin, melanoeyte, melaneholy) 
meno- month (menstruation, menopause) 
mento- ehin (mental, mentalis) 
mero- part, segment (isomer, eentromere, meroerine) 
meso- in the middle (mesoderm, mesenehyme, 
mesentery) 

meta- beyond, next in a series (metaphase, 
metaearpal) 

metabolo- ehange (metabolism, metabolite) 

-meter measuring deviee (hemoeytometer, 
spirometer) 

metri- 1. length, measure (isometrie, emmetropie). 

2. uterus (endometrium) 
miero- small (mieroseopie, mieroglia) 
mito- thread, filament (mitoehondria, mitosis) 
mono- one (monoeyte, monomer, mononucleosis) 
morpho- form, shape, structure (morphology, 
amorphous) 

muta- ehange (mutagen, mutation) 
myelo- 1. spinal eord (poliomyelitis, myelin). 2. bone 
marrow (myeloid, myeloeytie) 
myo-, mysi- muscle (myoglobin, myosin, 
epimysium) 

natri- sodium (hyponatremia, natriuretic) 
neo- new (neonatal, gluconeogenesis) 
nephro- kidney (nephron, hydronephrosis, 
mesonephros) 

neuro- nerve (aponeurosis, neurosoma, neurology) 
nucleo- nucleus, kernel (nucleolus, nucleic aeid) 
oo- egg (oogenesis, ooeyte) 
ob- 1. life (aerobie, mierobe). 2. against, toward, 
before (obstetries, obturator, obstruction) 
oculo- eye (oculi, oculomotor) 
odonto- tooth (odontoblast, periodontal) 

-oid like, resembling (eolloid, sigmoid, ameboid) 


-ole small (arteriole, bronehiole, nucleolus) 
oligo- few, a little, seanty (oligopeptide, 
oligodendroeyte, oliguria) 

-oma tumor, mass (eareinoma, hematoma) 
omo- shoulder (omohyoid, aeromion) 
onyeho- nail, claw (hyponychium) 
op- vision (opties, myopia, photopie) 

-opsy viewing, to see (biopsy, rhodopsin) 
or- mouth (oral, orbicularis oris) 
orbi- eirele (orbicularis, orbit) 
organo- tool, instrument (organ, organelle) 
ortho- straight (orthopnea, orthodonties, 
orthopedies) 

-ose 1 . full of (adipose). 2. sugar (sucrose, glucose) 
-osis 1 . proeess (osmosis, exocytosis). 2. eondition, 
disease (eyanosis, thrombosis). 3. inerease 
(leukocytosis) 

osmo- push (osmosis, ehemiosmotie) 
osse-, oste- bone (osseous, osteoporosis) 
oto- ear (otolith, otitis, parotid) 

-ous 1. full of (nitrogenous, edematous). 2. pertaining 
to (mucous, nervous). 3. like, eharaeterized by 
(squamous, filamentous) 
ovo- egg (ovum, ovary, ovulation) 
oxy- 1 . oxygen (hypoxia, oxyhemoglobin) . 2. sharp, 
quick (oxytocin) 

palli- pale (pallor, globus pallidus) 

palpebro- eyelid (palpebra) 

pan- all (panereas, panhystereetomy) 

panni- eloth, rag (pannus, panniculus) 

papillo- nipple (papilla, papillary) 

par- birth (postpartum, parturition, multiparous) 

para- next to (parathyroid, parotid) 

parieto- wall (parietal) 

patho- 1. disease (pathology, pathogen). 2. feeling 
(sympathetie) 

peeto- 1. ehest (peetoral, peetoralis). 2. eomblike 
(pectineus) 

pedi- 1. foot (bipedal, pediele). 2. ehild (pediatries) 
pelvi- basin (pelvis, pelvie) 

-penia defieieney (leukopenia, thromboeytopenia) 
penna- feather (unipennate, bipennate) 
peri- around (periosteum, peritoneum, periodontal) 
perone- fibula (peroneus tertius, peroneal nerve) 
phago- eat (phagoeytosis, maerophage) 
philo- loving, attraeted to (hydrophilie, amphiphilie) 
phobo- fearing, repelled by (hydrophobie) 
phor- to earry, bear (diaphoresis, eleetrophoresis) 
phragm- partition (diaphragm) 
phreno- diaphragm (phrenie nerve) 
physio- nature, natural cause (physiology, physieian, 
physies) 

-physis growth (diaphysis, hypophysis) 
pilo- hair (piloereetion) 
pino- drink, imbibe (pinoeytosis) 
planto- sole of foot (plantaris, plantar wart) 
plasi- growth (hyperplasia) 
plasm- shaped, molded (eytoplasm, endoplasmie) 
plasti- form (thromboplastin) 
platy- flat (platysma) 
pnea- breath, breathing (eupnea, dyspnea) 
pnernno- air, breath, lung (pneumonia, 
pneumothorax) 

podo- foot (pseudopod, podoeyte) 
poies- forming (hemopoiesis, erythropoietin) 
poly- many, much, excessive (polypeptide, polyuria) 
primi- first (primary, primipara, primitive) 


pro- 1 . before, in front, first (prokaryote, prophase, 
prostate). 2. promote, favor (progesterone, 
prolaetin) 

pseudo- false (pseudopod) 

psyeho- mind (psyehosis, psyehosomatie) 

ptero-, pterygo- wing (pterygoid) 

-ptosis dropping, falling, sagging (apoptosis, 
nephroptosis) 
puncto- point (puncta) 
pyro- fire (pyrogen) 
quadri- four (quadriceps, quadratus) 
quater- fourth (quaternary) 
radiat- radiating (eorona radiata) 
rami- braneh (ramus) 
reeto- straight (rectus abdominis, rectum) 
reno- kidney (renal, renin) 
reti- network (reticular, rete testis) 
retinae- retainer, braeelet (retinaculum) 
retro- behind, backward (retroperitoneal, retrovirus) 
rhombo- rhombus (rhomboideus, rhombeneephalon) 
rubo-, rubro- red (bilimbin, rubrospinal) 
rugo- fold, wrinkle (ruga, corrugator) 
sacculo- little sae (saccule) 
sareo- flesh, muscle (sareoplasm, sareomere) 
seala- stairease (seala tympani) 
selero- hard, tough (selera, selerosis) 
seopo- see (mieroseope, endoseopy) 
seeto- cut (seetion, disseetion) 
semi- half (semilunar) 
sepsi- infeetion (asepsis, septieemia) 

-sis proeess (diapedesis, amnioeentesis) 
sole- sandal, flatfish (sole, soleus) 
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soma-, somato- body (somatie, somatotropin) 
spheno- wedge (sphenoid) 
spiro- breathing (inspiration, spirometry) 
splanehno- viseera (splanehnie) 
spleno- 1 . bandage (splenius eapitis). 2. spleen 
(splenie artery) 

squamo- seale, flat (squamous, desquamation) 
stasi-, stati- put, remain, stay the same (hemostasis, 
homeostatie) 
steno- narrow (stenosis) 
ster-, stereo- solid, three-dimensional (steroid, 
stereoseopie) 

sterno- breast, ehest (sternum, sternoeleidomastoid) 

stria- stripe (striated, corpus striatum) 

sub- below (subcutaneous, subclavicular) 

sulc- furrow, groove (sulcus) 

supra- above (supraspinous, supraclavicular) 

sura- ealf of leg (trieeps surae) 

sym- together (sympathetie, symphysis) 

syn- together (synostosis, syneytmm) 

taehy- fast (taehyeardia, taehypnea) 

tarsi- ankle (tarsus, metatarsal) 

teeto- roof, eover (teetorial membrane, tectum) 

telo- last, end (telophase, teleneephalon, telodendria) 

tempo- time (temporal) 

terti- third (tertiary) 

theli- nipple, female, tender (epithelium, polythelia) 
thermo- heat (thermogenesis, endothermie) 
thrombo- blood elot (thrombosis, thrombin) 
thyro- shield (thyroid eartilage, thyrohyoid) 

-tion proeess (circulation, pronation) 
toei- birth (oxytocin) 


tomo- 1 . cut (tomography, atom, anatomy). 

2. segment (dermatome, myotome, selerotome) 
tono- foree, tension (isotonie, tonus, myotonia) 
topo- plaee, position (isotope, eetopie) 
trabo- plate (trabecula) 
trans- aeross (transpiration, transdermal) 
trapezi- 1 . table, grinding surface (trapezium). 

2. trapezoid (trapezius) 
tri- three (trieeps, triglyeeride) 
trieho- hair (peritriehial) 
troeho- wheel, pulley (troehlea) 
troph- 1 . food, nourishment (heterotrophie, 

trophoblast). 2. growth (dystrophy, hypertrophy) 
tropo- to turn, ehange (metabotropie, gonadotropin) 
tunica- eoat (tunica intima, tunica vaginalis) 
tympano- drum, eardrum (tympanie, tensor tympani) 
-ul small (trabecula, tubule, capitulum, glomerulus) 
-uncle, -unculus small (homunculus, eamnele) 
uni- one (unipennate, mhpolar) 
uri- urine (glycosuria, urinalysis, dmretie) 
utriculo- little bag (utriculus) 
vagino- sheath (invaginate, tunica vaginalis) 
vago- wander (vagus) 

vaso- vessel (vascular, vas deferens, vasa reeta) 

ventro- belly, lower part (ventral, ventriele) 

vermi- worm (vermis) 

vertebro- spine (vertebrae, intervertebral) 

vesieo- bladder, blister (vesieal, vesicular) 

villo- hair, hairy (microvillus) 

vitre- glass (in vitro, vitreous humor) 

vivi- life, alive (in vivo, revive) 

zygo- union, join, mate (zygomatie, zygote, azygos) 



GLOSSARY 



This glossary defines terms likely to be most 
useful to the reader of this particular book, 
espeeially terms that are reintroduced most often 
and eannot be defined again at every introduction. 
Terms are defined only in the sense that they are 
used in this book. Some have broader meanings, 
even within biology and medieine, that are beyond 
its seope. Pronunciation guides are provided for 
words whose pronunciations may not be obvi- 
ous. These guides should be quite intuitive, but 
a key at the end of the glossary indieates how to 
pronounce letter sequences within the guides if 
help is needed. Figures are eited where they will 
help eonvey the meaning of a term. Figure refer- 
enees such as A.3 refer to figures in the Atlas of 
Regional and Surface Anatomy (p. 329). 


A 

abdominal eavity The body eavity between the 
diaphragm and pelvie brim. (fig. 1.12) 
abdominopelvie eavity Collective name for the 
abdominal and pelvie eavities, which constitute 
a continuous spaee between the diaphragm and 
pelvie floor. (fig. 1.12) 

abduction Movement of a body part away 
from the median plane, as in raising the right 
arm away from the body to point to the right. 

(fig. 9.8) 

aeeessory organ A smaller organ assoeiated with 
or embedded in another and performing a related 
function; for example, the hair, nails, and sweat 
glands are aeeessory organs of the skin. 
aeetyleholine (ACh) (ASS-eh-till-CO-leen) A 
neurotransmitter released by somatie motor nerve 
fibers, parasympathetie nerve fibers, and some 
other neurons, eomposed of eholine and an 
aeetyl group. 

aeetyleholinesterase (AChE) (ASS-eh-till-CO- 
lin-ESS-ter-ase) An enzyme found in synaptie 
elefts and on postsynaptie eells that breaks 
down aeetyleholine and stops synaptie signal 
transmission. 

aeidophil A eell that stains with aeidie dyes, such 
as a pituitary aeidophil. (fig. 18.3) 
aeinar gland (ah-SEE-nur) A gland in which 
the seeretory eells form a dilated sae or acinus. 

(fig. 3.30) 

acinus (ASS-in-nus) A sae of seeretory eells at the 
inner end of a gland duct. (fig. 3.29) 
aeromial region The apex of the shoulder. 
aetin A filamentous intracellular protein that 
provides eytoskeletal support and interaets 
with other proteins, espeeially myosin, to 
cause cellular movement; important in muscle 
eontraetion and membrane aetions such 
as phagoeytosis, ameboid movement, and 
eytokinesis. See also mierofilament. 
aetion The movement produced by the eontraetion 
of a muscle. 

aetion potential A rapid voltage ehange in which 
a plasma membrane briefly reverses eleetrieal 
polarity; has a self-propagating effeet that 
produces a traveling wave of excitation in nerve 
and muscle eells. 


acute Pertaining to a disorder with a sudden 
onset, severe effeets, and brief duration. 

Compare ehronie. 

adaptation 1. An evolutionary proeess leading 
to the establishment of speeies eharaeteristies 
that favor survival and reproduction. 2. Any 
eharaeteristie of anatomy, physiology, 
or behavior that promotes survival and 
reproduction. 3. A sensory proeess in which a 
reeeptor adjusts its sensitivity or response to 
the prevailing level of stirmilation, as in dark 
adaptation of the eye. 

adduction (ah-DUC-shun) Movement of a body 
part toward the median plane, such as bringing 
the feet together from a spread-legged position. 

(fig- 9.8) 

adenohypophysis The anterior two-thirds 
of the pituitary gland, eonsisting of the 
anterior lobe and pars tuberalis; synthesizes 
and seeretes gonadotropins, thyrotropin, 
adrenoeortieotropin, growth hormone, and 
prolaetin. (fig. 18.2) 

adenosine triphosphate (ATP) A molecule 

eomposed of adenine, ribose, and three phosphate 
groups that functions as a mhversal energy- 
transfer molecule; briefly captures energy in its 
phosphate bonds and transfers it to other ehemieal 
reaetions, yielding adenosine diphosphate and a 
free phosphate group upon hydrolysis. 
adipoeyte A fat eell. 

adipose tissue A loose eonneetive tissue eomposed 
predominantly of adipoeytes; fat. (fig. 3.18) 
adrenal gland (ah-DREE-nul) An endoerine gland 
on the superior pole of eaeh kidney; eonsists 
of an outer adrenal cortex and inner adrenal 
medulla, with separate functions and embryonie 
origins. (fig. 18.8) 

adult stem eell Any of several kinds of 

undifferentiated eells that populate the body’s 
organs, where they multiply and differentiate to 
replaee eells that are lost to damage or normal 
cellular turnover. Adult stem eells have more 
limited developmental potential than embryonie 
stem eells. See also embryonie stem eell. 
adventitia (AD-ven-TISH-uh) Loose eonneetive 
tissue forming the outermost sheath around 
organs such as a blood vessel or the esophagus. 
afferent Carrying toward, as in afferent nenrons, 
which earry signals toward the eentral nervous 
system, and afferent arterioles, which earry 
blood toward a tissue. 
afferent neuron See sensory neuron. 
aging Any ehanges in the body that occur with the 
passage of time, including growth, development, 
and seneseenee. 
agonist See prime mover. 
agranulocyte Either of the two leukocyte types 
(lymphoeytes and monoeytes) that laek speeifie 
eytoplasmie gramiles. (fig. 19.1) 
alveolus (AL-vee-OH-lus) 1. A mieroseopie air sae 
of the lung. 2. A gland acinus. 3. A pit or soeket 
in a bone, such as a tooth soeket. 4. Any small 
anatomieal spaee. 

Alzheimer disease (AD) (ALTS-hy-mur) A 
degenerative disease of the seneseent brain, 
typieally beginning with memory lapses and 


progressing to severe losses of mental and motor 
functions and ultimately death. 
ameboid movement Ameba-like crawling of eells 
such as leukocytes by means of pseudopods. 
amnion A transparent membrane that surrounds 
the developing fetus and eontains the amniotie 
fluid; the “bag of waters” that breaks during 
labor. (fig. 4.11) 

ampulla (AM-pyu-luh) A wide or saelike portion 
of a tubular organ such as a semicircular duct or 
uterine tube. 

anastomosis (ah-NASS-tih-MO-sis) An 
anatomieal eonvergenee, the opposite of a 
braneh; a point where two blood vessels merge 
and eombine their bloodstreams or where two 
nerves or ducts eonverge. (fig. 21.12) 
anatomieal position A referenee posture on which 
eertain standardized anatomieal terminology 
is based. A subject in anatomieal position is 
standing with the feet flat on the floor, arms 
down to the sides, and the palms and eyes 
direeted forward. (fig. 1.8) 
anatomy 1. Structure of the body. 2. The study of 
structure. See also morphology. 
anemia A defieieney of erythroeytes or hemoglobin. 
aneurysm (AN-you-riz-um) A weak, bulging point 
in the wall of a heart ehamber or blood vessel 
that presents a threat of hemorrhage. (fig. 21.3) 
angiogenesis The growth of new blood vessels, 
both prenatally and postnatally. 
angiography The proeess of visualizing blood 
vessels by injeeting them with a radiopaque 
substance and photographing them with X-rays. 

(fig- 1-3) 

antagonist 1. A muscle that opposes the prime 
mover at a joint. 2. Any agent, such as a hormone 
or drug, that opposes another. 
antebraehimn (AN-teh-BRAY-kee-um) The 
region from elbow to wrist; the forearm. 
anterior 1. Pertaining to the front (faeial- 

abdominal aspeet) of the human body; also ealled 
ventral, espeeially in embryos. 2. Pertaining to the 
head end of nonhuman animals. 
anterior root A braneh of a spinal nerve that joins 
the spinal eord on its anterior side, eomposed 
of motor nerve fibers; also ealled ventral root. 

(fig. 14.11) 

antibody A protein of the gamma globulin elass 
that reaets with an antigen; found in the blood 
plasma, in other body fluids, and on the surfaces 
of eertain leukocytes and their derivatives. 
antigen (AN-tih-jen) Any large molecule eapable 
of binding to an antibody and triggering an 
immune response. 

antigen-presenting eell (APC) A eell that 

phagoeytizes an antigen and displays fragments 
of it on its surface for reeognition by other eells 
of the immune system; ehiefly maerophages and 
B lymphoeytes. 

antrrnn A saccular or pouchlike spaee, such 
as at the inferior end of the stomaeh or in an 
ovarian folliele. 

aorta A large artery that extends from the left 
ventriele to the lower abdominal eavity and 
gives rise to all other arteries of the systemie 
circulation. (fig. 21.16) 
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aortie areh 1. In the embryo, any of six pairs of 
blood vessels that arise rostral to the heart and 
loop mainly through the pharyngeal arehes; some 
of these later give rise to earotid and pulmonary 
arteries and the permanent aortie areh. 

(fig. 21.35) 2. A segment of the adult aorta that 
arehes over the heart like an inverted U; gives 
rise to the braehioeephalie trunk, left eommon 
earotid artery, and left subclavian artery; then 
continues posterior to the heart as the deseending 
aorta. (fig. 21.16) 

apex The summit or a pointed part of an organ or 
body region such as the heart, lung, or shoulder. 
apieal siirfaee The uppermost surface of an 
epithelial eell, opposite from the basement 
membrane, usually exposed to the lumen of an 
organ. (fig. 2.5) 

apoerine Pertaining to eertain sweat glands with 
large lumens and relatively thiek, aromatie 
seeretions, and to similar glands such as the 
mammary gland; formerly thought to form 
seeretions by pinehing off bits of apieal eytoplasm. 

(figs. 3.31, 5.10) 

aponeurosis A broad, flat tendon that attaehes 
a muscle to a bone or to other soft tissues in 
such loeations as the abdominal wall and deep 
to the sealp. 

apoptosis The normal death of eells that have 
eompleted their function, usually in a proeess 
involving self-destruction of the eell’s DNA, 
shrinkage of the eell, and its phagoeytosis by a 
maerophage; also ealled programmed eell death. 
Compare neerosis. 

appendicular (AP-en-DIC-you-lur) Pertaining to 
the limbs and their supporting skeletal girdles. 

(fig.7.1) 

arcuate (AR-cue-et) Making a sharp L- or 
U-shaped bend (are), or forming an areh, as in 
arenate arteries of the kidneys and uterus. 
areolar tissue (AIR-ee-OH-lur) A fibrous 

eonneetive tissue with loosely organized, widely 
spaeed fibers and eells and an abundance of 
fluid-filled spaee; found under nearly every 
epithelium, among other plaees. (fig. 3.14) 
arreetor pili See piloereetor. 
arteriole A small artery that empties into a 
metarteriole or eapillary. 

artery Any blood vessel that conducts blood away 
from the heart, or in the ease of eoronary arteries, 
away from the aorta and into the heart wall. 
articular eartilage A thin layer of hyaline 

eartilage eovering the articular surface of a bone 
at a synovial joint, serving to reduce frietion and 
ease joint movement. (fig. 9.4) 
articulation A skeletal joint; any point at which 
two bones meet; may or may not be movable. 
aspeet A particular view of the body or one of its 
structures, or a surface that faees in a particular 
direetion, such as the anterior aspeet. 
assoeiation area A region of the eerebral cortex 
that does not direetly reeeive sensory input or 
eontrol skeletal muscles, but serves to interpret 
sensory information, to plan motor responses, 
and for memory and eognition. 
atheroselerosis A degenerative disease of the blood 
vessels eharaeterized by the presenee of plaques 
on the vessel wall eomposed of lipid, smooth 
muscle, and maerophages; ean lead to arterial 
occlusion, loss of arterial elastieity, hypertension, 
heart attaek, kidney failure, and stroke. 

ATP See adenosine triphosphate. 
atrioventricular (AV) node (AY-tree-oh-ven- 
TRIC-you-lur) A group of autorhythmic eells 
in the interatrial septum of the heart that relays 
excitation from the atria to the ventrieles. 


atrioventricular (AV) valves The bicuspid (right) 
and tricuspid (left) valves between the atria and 
ventrieles of the heart. 

atrium 1. Either of the two superior ehambers of 
the heart, which reeeive systemie and pulmonary 
blood. 2. The eentral spaee of an alveolar sae into 
which individual pulmonary alveoli open. 
atrophy Shrinkage of a tissue due to age, disuse, 
or disease. 

auditory ossieles Three small middle-ear bones that 
transfer vibrations from the tympanie membrane to 
the inner ear; the malleus, incus, and stapes. 
auricle 1. The portion of the ear external to the 
cranium; the pinna. 2. An ear-shaped structure, 
such as the auricles of the heart. 
autoantibody An antibody that fails to distinguish 
the body’s own molecules from foreign 
molecules and thus attaeks host tissues, causing 
autoimmune diseases. 

autoimmune disease Any disease in which 

antibodies fail to distinguish between foreign and 
self-antigens and attaek the body’s own tissues; 
for example, systemie lupus erythematosus and 
rheumatic fever. 

autolysis (aw-TAHL-ih-sis) Digestion of eells by 
their own internal enzymes. 
autonomic nervous system (ANS) A motor 
division of the nervous system that innervates 
glands, smooth muscle, and eardiae muscle; 
eonsists of sympathetie and parasympathetie 
divisions and functions largely without voluntary 
eontrol. Compare somatie nervous system. 
autosome Any ehromosome except the sex 
ehromosomes. Genes on the autosomes are 
inherited without regard to the sex of the 
individual. 

axial Pertaining to the head, neek, and trunk; the 
part of the body excluding the appendicular 
portion. (fig. 7.1) 

axillary (ACK-sih-LERR-ee) Pertaining to the 
armpit. 

axon A proeess of a neuron that conducts aetion 
potentials away from the soma; also ealled a 
nerve fiber. There is only one axon to a neuron, 
and it is usually much longer and much less 
branehed than the dendrites. (fig. 13.4) 
axoneme The eore of a eilmm or flagellum, 
usually eomposed of a “9 -I- 2” array of 
microtubules that provide support and motility. 
(fig. 2.13) 


B 

baroreeeptor (BARE-oh-re-SEP-tur) Pressure 
sensor loeated in the heart, aortie areh, and 
earotid sinuses that triggers autonomic reflexes 
in response to fluctuations in blood pressure. 
basal lamina A thin layer of eollagen, proteoglyean, 
and glyeoprotein that binds epithelial and other 
eells to adjaeent eonneetive tissue; forms part of 
the basement membrane of an epithelium, and 
surrounds some nonepithelial eells such as muscle 
fibers and Schwann eells. (fig. 13.8) 
basal nuclei Masses of deep eerebral gray matter 
that play a role in the eoordination of posture and 
movement and the performanee of learned motor 
skills; also ealled basal ganglia. (fig. 15.16) 
base The broadest part of a tapered organ such as 
the uterus, or the inferior aspeet of an organ such 
as the brain. 

basement membrane A thin layer of matter that 
underlies the deepest eells of an epithelium and 
binds them to the underlying eonneetive tissue; 
eonsists of the basal lamina of the epithelial eells 


and fine reticular fibers of the eonneetive tissue. 
(fig. 3.32) 

basophil (BASE-oh-fill) 1. A eell that stains 
with basie dyes, such as a pituitary basophil. 

(fig. 18.3) 2. A leukocyte with eoarse 
eytoplasmie granules that produces heparin, 
histamine, and other ehemieals involved in 
inflammation. (fig. 19.1) 

belly The thiek part of a skeletal muscle between 
its points of attaehment. (fig. 10.4) 
bipedalism The habit of walking on two legs; a 
defining eharaeteristie of the family Hominidae 
that underlies many skeletal and other 
eharaeteristies of humans. 
blastoeyst A hollow spheroidal stage of the 
conceptus that implants in the uterine wall; 
eonsists of an inner eell mass, or embryoblast, 
enelosed in a saelike outer eell mass, or 
trophoblast. (fig. 4.3) 

blood A liquid eonneetive tissue eomposed of 
plasma, erythroeytes, platelets, and five kinds of 
leukocytes. 

blood-brain barrier A barrier between the 

bloodstream and nervous tissue of the brain that 
is impermeable to many blood solutes and thus 
prevents them from affeeting the brain tissue; 
formed by the tight junctions between eapillary 
endothelial eells, the basement membrane of 
the endothelium, and the perivascular feet of 
astroeytes. 

B lymphoeyte A lymphoeyte that functions as 
an antigen-presenting eell and, in humoral 
immunity, differentiates into an antibody- 
producing plasma eell; also ealled a B eell. 
body 1. The entire organism. 2. Part of a eell, such 
as a neuron, eontaining the nucleus and most 
other organelles. 3. The largest or prineipal part 
of an organ such as the stomaeh or uterus; also 
ealled the eorpns. 

bolus A mass of matter, espeeially food or feees 
traveling through the digestive traet. 
bone 1. A ealeified eonneetive tissue; also ealled 
osseons tissue. 2. An organ of the skeleton 
eomposed of osseous tissue, fibrous eonneetive 
tissue, marrow, eartilage, and other tissues. 
braehial (BRAY-kee-ul) Pertaining to the brachium. 
brachium The region between the shoulder and 
elbow; the arm proper. 

brainstem The stalklike lower portion of the brain, 
eomposed of all of the brain except the eerebram 
and cerebellum. (Many authorities exclude 
the dieneephalon and regard only the medulla 
oblongata, pons, and midbrain as the brainstem.) 

(fig- 15.6) 

bronehiole (BRON-kee-ole) A pulmonary air 
passage that is usually 1 mm or less in diameter 
and laeks eartilage, but has relatively abundant 
smooth muscle, elastie tissue, and a simple 
cuboidal, usually eiliated epithelium. 
brondms (BRON-kus) A relatively large 

pulmonary air passage with supportive eartilage 
in the wall; any passage beginning with the 
primary bronchus at the fork in the traehea and 
ending with tertiary bronehi, from which air 
eonthmes into the bronehioles. 
brush border A fringe of mierovilli on the apieal 
surface of an epithelial eell, serving to enhanee 
surface area and promote absorption. (fig. 3.6) 
buccal Pertaining to the eheek. 
bulb A dilated terminal part of an organ such as 
the penis or hair, or the olfaetory bulb at the 
beginning of the olfaetory traet. 
bursa A sae filled with synovial fluid at a synovial 
joint, serving to faeilitate muscle or joint aetion. 

(fig- 9.5) 
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ealeaneal tendon (cal-CAY-nee-ul) A thiek tendon 
at the heel that attaehes the trieeps surae muscles 
to the calcaneus; also ealled the Aehilles tendon. 
(fig. 12.18) 

ealeifieation The hardening of a tissue due to 
the deposition of calcium salts; also ealled 
mineralization. 

calculus A ealeified mass, espeeially a renal 
calculus (kidney stone) or biliary calculus 
(gallstone). 

ealvaria (cal-VERR-ee-uh) The rounded bony 
dome that forms the roof of the cranium; the 
general portion of the skull superior to the eyes 
and ears; skullcap. 

calyx (CAY-lix) (plural, ealiees ) A cuplike 
structure, as in the kidneys. (fig. 25.3) 
eanal A tubular passage or tunnel such as the 
auditory, semicircular, or eondylar eanal. 
canaliculus (CAN-uh-LIC-you-lus) A mieroseopie 
eanal, as in osseous tissue. (fig. 6.4) 
cancellous bone See spongy bone. 
eapillary (CAP-ih-LERR-ee) The narrowest type 
of vessel in the cardiovascular and lymphatie 
systems; engages in fluid exchanges with 
surrounding tissues. 

eapillary bed A network of blood eapillaries that 
arise from a single metarteriole and eonverge on 
a thoroughfare ehannel or venule. (fig. 21.9) 
capsule The fibrous eovering of a structure such as 
the spleen or a synovial joint. 
earbohydrate A hydrophilie organie compound 
eomposed of earbon and a 2:1 ratio of hydrogen 
to oxygen; includes sugars, starehes, glyeogen, 
and eelhilose. 

eardiae eenter A nucleus in the medulla oblongata 
that regulates autonomic reflexes for eontrolling 
the rate and strength of the heartbeat. 
eardiae muscle Striated involuntary muscle of the 
heart. (fig. 20.14) 

eardioeyte A eardiae muscle eell. 
cardiopulmonary system Collective name for the 
heart and lungs, emphasizing their elose spatial 
and physiologieal relationship. 
cardiovascular system An organ system eonsisting 
of the heart and blood vessels, serving for the 
transport of blood. Compare circulatory system. 
earotid body (ea-ROT-id) A small cellular mass 
near the braneh in the eommon earotid artery, 
eontaining sensory eells that deteet ehanges 
in the pH and the earbon dioxide and oxygen 
eontent of the blood. (fig. 21.4) 
earotid sinus A dilation at the base of the internal 
earotid artery; eontains baroreeeptors, which 
monitor ehanges in blood pressure. (fig. 21.4) 
earpal Pertaining to the wrist (carpus). 
earrier 1 . A protein that transports solutes through 
a eell membrane; also ealled a transport protein. 

2. A person who does not exhibit a particular 
hereditary disorder, but who has the gene for it 
and may pass it to the next generation. 

eartilage A eonneetive tissue with a rubbery 
matrix, eells (ehondroeytes) eontained in 
lacunae, and no blood vessels; eovers the joint 
surfaces of many bones and supports organs such 
as the ear and larynx. 

caudal (CAW-dul) 1. Pertaining to a tail or narrow 
tail-like part of an organ. 2. Pertaining to the 
inferior part of the trunk of the body, where the 
tail of other animals arises. Compare eranial. 

3. Relatively distant from the forehead, espeeially 
in referenee to structures of the brain and spinal 
eord; for example, the medulla oblongata is 
caudal to the pons. Compare rostral. 


eeliae Pertaining to the abdomen. 
eeliae trunk An arterial trunk that arises from 
the abdominal aorta near the diaphragm, 
and quickly branehes to give off arteries that 
supply the stomaeh, spleen, panereas, liver, and 
other viseera of the upper abdominal eavity. 

(fig. 21.23) 

eell The smallest subdivision of a tissue eonsidered 
to be alive; eonsists of a plasma membrane 
enelosing eytoplasm and, in most eases, a 
nucleus. 

eell body The main part of a eell, espeeially a 
neuron, where the nucleus is loeated; also ealled 
the soma. 

eell junction A complex of proteins that 
joins adjaeent eells to eaeh other or binds a 
eell to extracellular material; also ealled an 
intereellnlar junction when it links two eells. 
Includes desmosomes, hemidesmosomes, 
tight junctions, gap junctions, and other types. 
(fig. 2.15) 

eentral Loeated relatively elose to the median 
axis of the body, as in eentral nervons system; 
opposite of peripheral. 

eentral eanal 1 . A eanal that passes through the 
eore of an osteon in bone, and eontains blood 
vessels and nerves; also ealled a haversian 
eanal or osteonie eanal. 2. A eanal that passes 
through the eenter of the spinal eord, eontaining 
eerebrospinal fluid. 

eentral nervous system (CNS) The brain and 
spinal eord. Compare peripheral nervous system. 
eentral pattern generator A nucleus of neurons in 
the CNS that generates a repetitive motor output, 
producing rhythmie muscle eontraetions for such 
purposes as walking and breathing. 
eentriole (SEN-tree-ole) An organelle 

eomposed of a short eylinder of nine triplets 
of microtubules, usually paired with another 
eentriole perpendicular to it; origin of the mitotie 
spindle; identieal to the basal body of a cilium or 
flagellum. (fig. 2.19) 

eephalie (seh-LAL-ie) Pertaining to the head. 
cerebellum (SERR-eh-BEL-um) A large 

portion of the brain posterior to the brainstem 
and inferior to the eerebmm, responsible 
for equilibrium, motor eoordination, some 
timekeeping functions, and learning of motor 

skills. (fig. 15.9) 

eerebrospinal fluid (CSF) (SERR-eh-bro-SPY- 
nul, seh-REE-bro-SPY-nul) A liquid that fills the 
ventrieles of the brain, the eentral eanal of the 
spinal eord, and the spaee between the CNS and 
dura mater. 

cerebrum (SERR-eh-brum, seh-REE-brum) 

The largest and most superior part of the brain, 
divided into two eonvohited eerebral hemispheres 
separated by a deep longitudinal fissure. 
eervieal (SUR-vih-cul) Pertaining to the neek or 
any cervix. 

cervix (SUR-vix) 1. The neek. 2. A narrow or 
neeklike part of an organ such as the uterus and 
gallbladder. (fig. 26.12) 

ehemoreeeptor An organ or eell speeialized to 
deteet ehemieals, as in the earotid bodies and 
taste buds. 

ehief eell The majority type of eell in an organ or 
tissue such as the parathyroid glands or gastrie 
glands. 

ehoana (eo-AN-ah) See posterior nasal aperture. 
ehondroeyte (CON-dro-site) A eartilage eell; a 
former ehondroblast that has beeome enelosed in 
a lacuna in the eartilage matrix. (fig. 3.19) 
ehorion (CO-ree-on) A fetal membrane external 
to the amnion; forms part of the plaeenta and has 


diverse functions including fetal nutrition, waste 
removal, and hormone seeretion. (fig. 4.8) 
ehromatid (CRO-muh-tid) One of two genetieally 
identieal rodlike bodies of a metaphase 
ehromosome, joined to its sister ehromatid at the 
eentromere. (fig. 2.24) 

ehromatin (CRO-muh-tin) Filamentous material 
in the interphase nucleus, eomposed of DNA and 
protein; all of the ehromosomes eolleetively. 
ehromosome A strand of DNA and protein 

earrying the genetie material of a eell’s nucleus, 
having a fine filamentous structure during 
interphase and a eondensed rodlike structure 
during mitosis and meiosis. Normally there are 
46 ehromosomes in the nucleus of eaeh eell 
except germ eells. (fig. 2.24) 
ehronie Pertaining to a disorder with a gradual 
onset, slow progression, and long duration. 
Compare acute. 

ehyme (pronounced “kime”) A slurry of partially 
digested food in the stomaeh and small intestine. 
cilium (SIL-ee-um) A hairlike proeess, with an 
axoneme, projeeting from the surface of many 
or most eells; usually immobile, solitary, and 
serving a sensory or unknown role; found in 
large numbers on the apieal surfaces of some 
epithelial eells (as in the respiratory traet and 
uterine tube), where they are motile and serve 
to propel matter aeross the surface of the 
epithelmm. (fig. 2.13) 

circulatory system An organ system eonsisting 
of the heart, blood vessels, and blood. Compare 
cardiovascular system. 

circumduction A joint movement in which one 
end of an appendage remains relatively stationary 
and the other end moves in a eirele. (fig. 9.11) 
eisterna (sis-TUR-nuh) A fluid-filled spaee or sae, 
such as the eisterna ehyli of the lymphatie system 
and the eisternae of the endoplasmie reticulum 
and Golgi complex. (fig. 2.19) 
eoelom A body eavity bounded on all sides by 
mesoderm and lined with peritoneum. The 
embryonie eoelom beeomes the thoraeie and 
abdominopelvie eavities. 
eollagen (COLL-uh-jen) The most abundant 
protein in the body, forming the fibers of many 
eonneetive tissues in plaees such as the dermis, 
tendons, and bones. 

eolony-forming unit (CFU) A bone marrow eell 
that differentiates from a pluripotent stem eell 
and gives rise to precursor eells, which, in turn, 
produce a speeifie elass of formed elements. 

(fig- 19.8) 

commissure (COM-ih-shur) 1. A bundle of nerve 
fibers that erosses from one side of the brain or 
spinal eord to the other. 2. A eorner or angle at 
which the eyelids, lips, or genital labia meet; in the 
eye, also ealled the eanthns. (figs. 15.2, 17.19) 
eompaet bone A form of osseous tissue found 
on bone surfaces and eomposed predominantly 
of osteons, with the tissue eompletely filled 
with mineralized matrix (other than lacunae 
and eentral eanals) and leaving no room for 
bone marrow; also ealled dense bone. (fig. 6.4) 
Compare spongy bone. 
computed tomography (CT) A method of 

medieal imaging that uses X-rays and a computer 
to ereate an image of a thin seetion of the body; 
the image is ealled a CT sean. (fig. 1.3) 
eoneeption The fertilization of an egg, producing a 
zygote; the beginning of pregnaney. 
conceptus All products of eoneeption, ranging 
from a fertilized egg to the full-term fetus with 
its fetal membranes, plaeenta, and umbilical 
eord. Compare embryo; fetus; preembryo. 
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eondyle (CON-dile) An articular surface on a 
bone, usually in the form of a knob (as on the 
mandible), but relatively flat on the proximal end 
of the tibia. (fig. 7.15) 

eongenital Present at birth; for example, an 
anatomieal defeet, a syphilis infeetion, or a 
hereditary disease. 

eongenital anomaly The abnormal structure or 
position of an organ at birth, resulting from a 
defeet in prenatal development; a birth defeet. 
eonneetive tissue A tissue usually eomposed of 
more extracellular than cellular volume and 
usually with a substantial amount of extracellular 
fiber; forms supportive frameworks and capsules 
for organs, binds structures together, holds them 
in plaee, stores energy (as in adipose tissue), or 
transports materials (as in blood). 
eontralateral On opposite sides of the body, as 
in reflex ares where the stimulus eomes from 
one side of the body and a response is given by 
muscles on the other side. Compare ipsilateral. 
eonvergent Coming together, as in a eonvergent 
muscle and a eonverging neuronal circuit. 
eornified Having a heavy surface deposit of 
keratin, as in the stratum corneum of the 
epidermis. 

eorona A halo- or crownlike structure, such as the 
eorona radiata or eoronal suture of the skull. 
eoronal plane See frontal plane. 
eorona radiata 1. An array of nerve traets in 
the brain that arise mainly from the thalamus 
and fan out to different regions of the eerebral 
cortex. 2. The first layer of cuboidal eells 
immediately external to the zona pellucida 
around an egg eell. 

eoronary 1. Crownlike; eneireling. 2. Pertaining 
to the heart. 

eoronary artery Either of two branehing arteries 
that arise from the aorta near the heart and 
supply blood to the heart wall. 
eoronary circulation A system of blood vessels 
that serve the wall of the heart. (fig. 20.11) 
corpus 1. A body of tissue, such as the corpus 
cavernosum of the penis. 2. The prineipal part 
(body) of an organ such as the uterus or stomaeh, 
as opposed to smaller regions of an organ such as 
its head, tail, fundus, or cervix. 
corpus callosum (COR-pus ca-LO-sum) A 
prominent C-shaped band of nerve traets that 
eonneet the right and left eerebral hemispheres to 
eaeh other, seen superior to the third ventriele in 
a median seetion of the brain. (fig. 15.2) 
corpus luteum A yellowish cellular mass that 
forms in the ovary from a folliele that has 
ovulated; seeretes progesterone, hormonally 
regulates the seeond half of the menstmal eyele, 
and is essential to sustaining the first 7 weeks of 
pregnaney. 

cortex (plural, eortiees) The outer layer of some 
organs such as the adrenal gland, cerebrum, 
lymph node, and ovary; usually eovers or 
eneloses tissue ealled the medulla. 
eortieospinal traet A bundle of nerve fibers that 
deseend through the brainstem and spinal eord 
and earry motor signals from the eerebral cortex 
to the neurons that innervate the skeletal muscles 
of the limbs; important in the fine eontrol of limb 
movements. (fig. 14.5) 
eostal (COSS-tul) Pertaining to the ribs. 
eostal eartilage A bladelike plate of hyaline 
eartilage that attaehes the distal end of a rib to 
the stermim; eolleetively the eostal eartilages 
constitute much of the anterior part of the 
thoraeie eage. 

coxal Pertaining to the hip. 


eranial 1. Pertaining to the cranium. 2. In a 

position relatively elose to the head or a direetion 
toward the head. Compare caudal. 
eranial nerve Any of 12 pairs of nerves eonneeted 
to the base of the brain and passing through 
foramina of the cranium. 

cranium That portion of the skull that eneloses the 
eranial eavity and proteets the brain; also ealled 
the brainease. Comprises the frontal, parietal, 
temporal, oeeipital, sphenoid, and ethmoid bones. 
erest A narrow ridge, such as the neural erest or 
the erest of the ilium. 

erieoid eartilage The most inferior eartilage of the 
larynx, eonneeting the larynx to the traehea. 
erista A erestlike structure, such as the erista galli 
of the ethmoid bone, erista ampullaris of the 
inner ear, or the erista of a mitoehondrion. 
eross seetion (e.s.) A cut perpendicular to the long 
axis of the body or of an organ. (fig. 3.2) 
crural (CROO-rul) Pertaining to the leg proper or 
to the crus of a organ. See also crus. 
crus (pronounced “cruss”) (plural, crura ) 1. The 
region from the knee to the ankle; the leg proper. 
2. A leglike extension of an organ such as the 
penis and elitoris. (fig. 26.1) See also ernral. 

CT sean An image of the body made by computed 
tomography. (fig. 1.3) 

cubital region The anterior region at the bend of 
the elbow. 

cuboidal (cue-BOY-dul) A shape that is roughly 
like a cube or in which the height and width are 
about equal. 

cuneiform (cue-NEE-ih-form) Wedge-shaped, as 
in enneiform eartilages and enneiform bone. 
cusp 1. One of the flaps of a valve of the heart, 
veins, and lymphatie vessels. 2. A eonieal 
projeetion on the occlusal surface of a premolar 
or molar tooth. 

cutaneous Pertaining to the skin; integumentary. 
cuticle 1. The outermost layer of a hair, eonsisting 
of a single layer of overlapping squamous 
eells. 2. A layer of dead epidermal eells that 
eover the proximal end of a nail; also ealled the 
eponychium. 

eytokinesis (SY-toe-kih-NEE-sis) Division of 
the eytoplasm of a eell into two eells following 
nuclear division. 

eytology The study of eell structure and function. 
eytoplasm The eontents of a eell between the 
plasma membrane and the mielear envelope, 
eonsisting of eytosol, organelles, inclusions, and 
the eytoskeleton. 

eytoskeleton A system of protein mierofilaments, 
intermediate filaments, and microtubules in 
a eell, serving for physieal support, cellular 
movement, and the routing of molecules and 
organelles to their destinations within the eell. 

(fig. 2.16) 

eytosol A elear, featureless, gelatinous eolloid in 
which the organelles and other internal structures 
of a eell are embedded. 

cytotoxic T eell A T lymphoeyte that direetly 
attaeks and destroys infeeted body eells, cancerous 
eells, and the eells of transplanted tissues. 

D 

daughter eells Cells that arise from a parent eell 
by mitosis or meiosis. 

decussation (DEE-cuh-SAY-shun) The erossing 
of nerve fibers from the right side of the eentral 
nervous system to the left, or viee versa, 
espeeially in the spinal eord, medulla oblongata, 
and optie ehiasm. Compare hemidecussation. 


deep Relatively far from the body surface; opposite 
of superficial. For example, the bones are deep to 
the skeletal muscles. 

dendrite Proeess of a neuron that reeeives 

information from other eells or from environmental 
stimuli and conducts signals to the soma. Dendrites 
are usually shorter, more branehed, and more 
numerous than the axon and are ineapable of 
producing aetion potentials. (fig. 13.4) 
dendritie eell An antigen-presenting eell of the 
epidermis, vaginal mucosa, and some other 
epithelia. 

denervation atrophy The shrinkage of skeletal 
muscle that occurs when the motor neuron dies 
or is severed from the muscle. 
dense bone See eompaet bone. 
dense eonneetive tissue A eonneetive tissue with 
a high density of fiber, relatively little ground 
substance, and seanty eells; seen in tendons and 
the dermis, for example. Classified as regular if 
the extracellular fibers are more or less parallel 
and irregular if the fibers travel in highly varied 
direetions. (figs. 3.16-3.17) 
depression 1. A sunken plaee on the surface of a 
bone. 2. A joint movement that lowers a body 
part, as in dropping the shoulders or opening the 
mouth. (fig. 9.9) 

dermal papilla 1. A bump or ridge of dermis 
that extends upward to interdigitate with the 
epidermis, ereating a wavy boundary that resists 
stress and slippage of the epidermis. (fig. 5.3) 

2. A projeetion of the dermis into the bulb of a 
hair, supplying blood to the hair. (fig. 5.6) 
dermatome 1. In the embryo, a group of 
mesodermal eells that arises from a somite 
and gives rise to the dermis on one side of 
one segment of the body. Compare myotome; 
selerotome. 2. In the adult, a region of skin on 
the neek, trank, or limbs that is innervated by 
one spinal nerve. (fig. 14.18) 
dermis The deeper of the two layers of the skin, 
underlying the epidermis and eomposed of 
fibrous eonneetive tissue. 
desmosome (DEZ-mo-some) A patehlike 

intercellular junction that meehanieally links two 
eells together. (fig. 2.15) 
desquamation See exfoliation. 
diaphragm A muscular partition that separates the 
thoraeie eavity from the abdominal eavity and 
plays a major role in respiration. 
diaphysis (dy-AFF-ih-sis) The shaft of a long 
bone. (fig. 6.1) 

diarthrosis See synovial joint. 
dieneephalon (DY-en-SEFF-uh-lon) A portion 
of the brain between the midbrain and 
corpus callosum; eomposed of the thalamus, 
epithalamus, and hypothalamus. (fig. 15.11) 
differentiation Development of a relatively 

unspecialized eell or tissue into one with a more 
speeifie structure and function. 
digestive system The organ system speeialized 
for the intake and ehemieal breakdown of food, 
absorption of nutrients, and diseharge of the 
indigestible residue. 
digit A finger or toe. 

digital rays The first ridgelike traees of fingers or 
toes to appear in the embryonie hand plate and 
foot plate. 

dilation (dy-LAY-shun) Widening of an organ or 
passageway such as a blood vessel or the pupil 
of the eye. 

diploid (2n) Pertaining to a eell or organism with 
ehromosomes in homologous pairs. All nucleated 
eells of the human body are diploid except for germ 
eells beyond the meiosis I stage of eell division. 
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distal Relatively distant from a point of origin or 
attaehment; for example, the wrist is distal to the 
elbow. Compare proximal. 
dizygotie (DZ) twins Two individuals who 
developed simultaneously in one uterus but 
originated from separate fertilized eggs and 
therefore are not genetieally identieal. 
dorsal See posterior. 
dorsal root See posterior root. 
dorsal root ganglion See posterior root ganglion. 
dorsiflexion (DOR-sih-FLEC-shun) A movement 
of the ankle that reduces the joint angle and 
raises the toes. (fig. 9.17) 
dorsum The dorsal surface of a body region, 

espeeially the hand or foot surface bearing the nails. 
Down syndrome See trisomy-21. 
duct An epithelium-lined, tubular passageway, 
such as a semicircular duct or a gland duct. 
duodenum (DEW-oh-DEE-num, dew-ODD-eh- 
num) The first portion of the small intestine 
extending for about 25 em from the pylorie 
valve of the stomaeh to a sharp bend ealled the 
duodenojejunal flexure; reeeives ehyme from 
the stomaeh and seeretions from the liver and 
panereas. 

dural sheath An extension of the dura mater 
into the vertebral eanal, loosely enelosing the 
spinal eord. 

dura mater The thiekest and most superficial of the 
three meninges around the brain and spinal eord. 
dynein (DINE-een) A motor protein involved in the 
beating of eilia and flagella and in the movement 
of molecules and organelles within eells. 
dyspnea Labored breathing. 



eetoderm The outermost of the three primary 
germ layers of an embryo; gives rise to the 
nervous system and epidermis. 
eetopie (ee-TOP-ie) In an abnormal loeation; 
for example, eetopie pregnaney and eetopie 
paeemakers of the heart. 
edema Accumulation of excess tissue fluid, 
resulting in swelling of a tissue. 
effeetor A molecule, eell, or organ that earries out 
a response to a stimulus. 

efferent (EFF-ur-ent) Carrying away or out, such 
as a blood vessel that earries blood away from a 
tissue or a nerve fiber that conducts signals away 
from the eentral nervous system. 
efferent neuron See motor neuron. 
elastie eartilage A form of eartilage with an 

abundance of elastie fibers in its matrix, lending 
flexibility and resilienee to the eartilage; found in 
the epiglottis and ear pinna. (fig. 3.20) 
elastie fiber A eonneetive tissue fiber, eomposed 
of the protein elastin, that stretehes under tension 
and returns to its original length when released; 
responsible for the resilienee of organs such as 
the skin and lungs. 

elastieity The tendeney of a stretehed structure to 
return to its original dimensions when tension is 
released. 

elastin A fibrous protein with the ability to streteh 
and reeoil; found in the skin, pulmonary airway, 
arteries, and elastie eartilage, among other 
loeations. 

elevation A joint movement that raises a body 
part, as in hunching the shoulders or elosing the 
mouth. (fig. 9.9) 

embryo In humans, a developing individual from 
the time the eetoderm, mesoderm, and endoderm 
have all formed at about 16 days, through the 


end of 8 weeks when all organ systems are 
represented; preeeded by the preembryo and 
followed by the fetns. In other animals, any 
unborn stage of development beginning with 
the two-celled stage. Compare conceptus; fetus; 
preembryo. 

embryogenesis A proeess of prenatal development 
that occurs during implantation of the blastoeyst 
and gives rise to the three primary germ layers; 
embryogenesis ends with the existence of an 
embryo. 

embryology The seientifie study of prenatal 
development, from fertilization to birth. 
embryonie dise A flat plate of eells in early 
embryonie development, eomposed of initially 
two and then three eell layers. 
embryonie stage The stage of prenatal 

development from day 16 through the end of 
week 8. See also embryo; fetal stage. 
embryonie stem eell An undifferentiated eell 
from a preembryo of up to 150 eells, eapable 
of developing into any type of embryonie 
or adult eell. 

encapsulated nerve ending Any sensory nerve 
ending that is surrounded by or assoeiated with 
speeialized eonneetive tissues, which enhanee 
its sensitivity or its mode of responding to 
stimulation. 

endocardium A tissue layer that lines the inside 
of the heart, eomposed of a simple squamous 
epithelium overlying a thin layer of areolar tissue. 
endoehondral ossifieation A proeess of bone 
development in which the bone is preeeded 
by a model of hyaline eartilage in roughly the 
shape of the bone to eome, and the eartilage 
is then replaeed by osseous tissue. Compare 
intramembranous ossifieation. (fig. 6.9) 
endoerine gland (EN-doe-erin) A ductless gland 
that seeretes hormones into the bloodstream; 
for example, the thyroid and adrenal glands. 
Compare exocrine gland. 

endoerine system A system of internal ehemieal 
communication eomposed of all endoerine 
glands and the hormone-seereting eells found in 
other tissues and organs. 

endoeytosis Any proeess of vesicular transport 
of materials from the extracellular material into 
a eell; includes pinoeytosis, reeeptor-mediated 
endoeytosis, and phagoeytosis. (fig. 2.11) 
endoderm The innermost of the three primary 
germ layers of an embryo; gives rise to the 
rmieosae of the digestive and respiratory traets 
and to their assoeiated glands. 
endogenous (en-DODJ-eh-nus) Originating 
internally, such as the endogenous eholesterol 
synthesized in the body in eontrast to the 
exogenous eholesterol eoming from the diet. 
Compare exogenous. 

endometrium (EN-doe-MEE-tree-um) The 

mucosa of the uterus; the site of implantation and 
source of menstmal diseharge. 
endoplasmie reticulum (ER) (EN-doe-PLAZ- 
mie reh-TIC-you-lum) An extensive system of 
intereonneeted eytoplasmie tubules or ehannels; 
elassified as rough ER or smooth ER depending 
on the presenee or absenee of ribosomes on its 
membrane. (fig. 2.19) 

endothelium (EN-doe-THEEL-ee-um) A simple 
squamous epithelium that lines the lumens of the 
blood vessels, heart, and lymphatie vessels. 
enterie (en-TERR-ie) Pertaining to the small 
intestine, as in enterie hormones. 
eosinophil (EE-oh-SIN-oh-fill) A leukocyte 
with a large, often bilobed nucleus and eoarse 
eytoplasmie granules that stain with eosin; 


phagoeytizes antigen-antibody complexes, 
allergens, and inflammatory ehemieals 
and seeretes enzymes that eombat parasitie 
infeetions. (fig. 19.1) 

epiblast The layer of eells in the early embryonie 
dise faeing the amniotie eavity. These eells 
migrate during gastmlation to replaee the 
hypoblast with endoderm, then to form the 
mesoderm, after which the remaining surface 
epiblast eells are ealled the eetoderm. 
epicardium The outermost layer of the heart wall, 
eomposed of a simple squamous epithelium 
overlying a thin layer of areolar tissue, and in 
many areas, a much thieker layer of adipose 
tissue; also ealled the viseeral perieardinm. 
epieondyle A bony projeetion or ridge superior to 
a eondyle, for example at the distal ends of the 
humerus and femur. (fig. 8.10) 
epidermis A stratified squamous epithelium that 
constitutes the superficial layer of the skin, 
overlying the dermis. (fig. 5.1) 
epigastrie Pertaining to a medial region of the 
abdomen superior to the umbilical region, 
bordered inferiorly by the subcostal line and 
laterally by the midclavicular lines. (fig. 1.11) 
epiglottis A flap of tissue in the pharynx that 
eovers the glottis during swallowing, defleeting 
swallowed matter away from the airway and into 
the esophagus. 

epiphyseal plate (EP-ih-FIZZ-ee-ul) A plate of 
hyaline eartilage between the epiphysis and 
diaphysis of a long bone in a ehild or adoleseent, 
serving as a growth zone for bone elongation. 

(fig. 6.9) 

epiphysis (eh-PIFF-ih-sis) 1. The head of a long 
bone. (fig. 6.1) 2. The pineal gland (epiphysis 
eerebri). 

epithelium A type of tissue eonsisting of one or 
more layers of elosely adhering eells with little 
intereelhilar material and no blood vessels; forms 
the eoverings and linings of many organs and the 
parenehyma of the glands. 
equilibrium 1. The sense of balanee. 2. A state in 
which opposing proeesses occur at eomparable 
rates and balanee eaeh other so that there is 
little or no net ehange in the system, such as a 
ehemieal equilibrium. 

ereetile tissue A tissue that functions by swelling 
with blood, as in the penis, elitoris, and inferior 
eoneha of the nasal eavity. 
erythroeyte (eh-RITH-ro-site) A red blood eell. 
erythropoiesis (eh-RITH-ro-poy-EE-sis) The 
production of erythroeytes. 
eversion A movement of the foot that turns the 
sole laterally. (fig. 9.17) 

evolution A ehange in the genetie eomposition of a 
population over a period of time; the meehanism 
that produces adaptations in human form and 
function. See also adaptation. 
excitability The ability of a eell to respond to 
a stimulus, espeeially the ability of nerve and 
muscle eells to produce membrane voltage 
ehanges in response to stimuli; irritability. 
excretion The proeess of eliminating metabolie 
waste products from a eell or from the body. 
Compare seeretion. 

excursion A side-to-side movement of the 
mandible, as in chewing. (fig. 9.15) 
exfoliation The shedding of squamous eells from 
the surface of a stratified squamous epithelium. 
Also ealled desquamation. Sampling and 
examination of these eells, such as a Pap smear, 
is ealled exfoliate eytology. (fig. 3.12) 
exocrine gland (EC-so-crin) A gland that 
seeretes its products into another organ or 
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onto the body surface, usually by way of a 
duct; for example, salivary and gastrie glands. 
Compare endoerine gland. 
exocytosis A mode of vesicular transport in which 
a seeretory vesiele of a eell fuses with the plasma 
membrane and releases its eontents from the eell; 
a mode of glandular seeretion and diseharge of 
eelhilar wastes. (fig. 2.11) 
exogenous (ec-SODJ-eh-nus) Originating 
externally, such as exogenous (dietary) 
eholesterol; extrinsic. Compare endogenous. 
expiration 1. Exhaling. 2. Dying. 
extension Movement of a joint that inereases the 
angle between articulating bones (straightens the 
joint). Compare flexion. (fig. 9.7) 
external acoustic meatus A eanal in the temporal 
bone that eonveys sound waves to the eardram; 
also ealled the external auditory meatns. 
exteroceptor A sensory reeeptor that responds to 
stimuli originating outside the body, such as the 
eye or ear. Compare interoeeptor. 
extracellular fluid (ECF) Any body fluid that is 
not eontained in the eells; for example, blood, 
lymph, and tissue fluid. 

extrinsic (ee-STRIN-sie) 1. Originating externally, 
such as extrinsic blood-elotting faetors; 
exogenous. 2. Not fully eontained within an 
organ but aeting on it, such as the extrinsic 
muscles of the hand and eye. Compare intrinsie. 

F 

faeet A smooth articular surface on a bone; may 
be flat, slightly eoneave, or slightly convex; for 
example, the articular faeets of the vertebrae. 
faeilitated diffusion A proeess of solute 

transport through a cellular membrane, down its 
eoneentration gradient, with the aid of a earrier 
protein; the earrier does not consume ATR 
fallopian tube See uterine tube. 
faseia (FASH-ee-uh) A layer of eonneetive tissue 
between the muscles or between the muscles and 
the skin. (fig. 10.2) 

faseiele (FASS-ih-cul) A bundle of muscle or 
nerve fibers ensheathed in eonneetive tissue; 
multiple faseieles bound together constitute 
a muscle or nerve as a whole. Also ealled a 
fasciculus. (fig. 10.2) 

fat 1. A triglyeeride molecule. 2. Adipose tissue. 
female In humans, any individual with no 

Y ehromosome; normally, one possessing two 
X ehromosomes in eaeh somatie eell, and having 
reproductive organs that serve to produce eggs, 
reeeive sperm, provide sites of fertilization and 
prenatal development, expel the full-term fetus, 
and nourish the infant. 

femoral Pertaining to the femur or the thigh. 
femoral region The region between the hip and 
knee; the thigh. 

femoral triangle A triangular region of the groin 
bounded by the sartorius muscle, adductor 
longus muscle, and inguinal ligament, and 
through which the femoral artery, femoral vein, 
and femoral nerve pass elose to the body surface. 
(fig. 21.33) 

fenestrated (FEN-eh-stray-ted) Perforated with 
holes or slits, as in eertain blood eapillaries and 
the elastie sheets of large arteries. (fig. 21.6) 
fetal stage The period of prenatal development 
from the beginning of week 9 until birth; a 
period in which all organ systems are represented 
at the outset, and grow and differentiate until 
eapable of supporting life outside the uterus. See 
also embryonie stage; fetus. 


fetus In human development, an individual from 
the beginning of the ninth week when all of the 
organ systems are present, through the time of 
birth. See also conceptus; embryo. 
fiber 1. In muscular histology, a skeletal muscle 
eell (muscle fiber). 2. In neurohistology, the axon 
of a neuron (nerve fiber). 3. Any long threadlike 
structure, such as a Purkinje fiber of the heart, 
a eollagen or elastie fiber of the eonneetive 
tissues, or eelhilose and other digestion-resistant 
dietary fiber. 

fibrinogen A protein synthesized by the liver and 
present in blood plasma, semen, and other body 
fluids; precursor of the stieky protein fibrin, 
which forms the matrix of a elot. 
fibroblast A eonneetive tissue eell that produces 
eollagen fibers and ground substance; the only 
type of eell in tendons and ligaments. 
fibroeartilage A form of eartilage with eoarse 
bundles of eollagen fibers in the matrix, found 
in the intervertebral dises, joint menisei, pubic 
symphysis, and some tendon-bone junctions. 

(fig. 3.21) 

fibrosis Replaeement of damaged tissue with 
fibrous sear tissue rather than by the original 
tissue type; searring. Compare regeneration. 
fibrous eonneetive tissue Any eonneetive tissue 
with a preponderanee of fiber, such as areolar, 
reticular, dense regular, and dense irregular 
eonneetive tissues. 

filament A fine threadlike structure such as the 
myofilaments of muscle and the mierofilaments 
and intermediate filaments of the eytoskeleton. 
filtration A proeess in which a fluid is physieally 
foreed through a membrane that allows water 
and some solutes to pass, and holds baek larger 
partieles; espeeially important in the emission of 
fluid from blood eapillaries. 
finger Any of the five digits of the hand, including 
the thumb. 

first-order neuron An afferent (sensory) 

neuron that earries signals from a reeeptor to a 
seeond-order neuron in the spinal eord or brain. 
(fig. 14.4) See also seeond-order neuron; third- 
order neuron. 

fissure 1. A slit through a bone, such as the 
orbital fissure. 2. A deep groove, such as 
the longitudinal fissure between the eerebral 
hemispheres. 

fix 1. To hold a structure in plaee, for example, 
by fixator muscles that prevent unwanted j oint 
movements. 2. To preserve a tissue by means of 
a fixative. 

fixative A ehemieal that prevents tissue deeay, 
such as formalin or ethanol. 
fixator A muscle that minimizes or prevents bone 
movement in eertain joint aetions, such as the 
rhomboid major holding the scapula stationary 
while the bieeps braehii flexes the elbow. 
flagellum (fla-JEF-um) A long, motile, usually single 
hairlike extension of a eell; the tail of a sperm eell is 
the only functional flagellum in humans. 
flat bone A bone with a platelike shape, such as 
the parietal bone or stermim. 
flexion A joint movement that, in most eases, 
deereases the angle between two bones. (fig. 9.7) 
Compare extension. 
flexor A muscle that flexes a joint. 
fMRI See functional magnetie resonanee imaging. 
folliele (FOFF-ih-cul) A small spaee, such as a 
hair folliele, thyroid folliele, or ovarian folliele. 
(fig. 26.14) See also lymphatie nodule. 
foramen (fo-RAY-men) A hole through a bone or 
other organ, in most eases providing passage for 
blood vessels and nerves. 


foramen magnum The largest opening into the 
eranial eavity, at the point where the oeeipital 
bone articulates with the vertebral column; 
allows passage of the spinal eord and vertebral 
arteries into the eranial eavity. 
foramen ovale 1. An ovoid foramen in the 
sphenoid bone that allows for passage of the 
mandibular division of the trigeminal nerve. 

2. An opening in the fetal interatrial septum 
that allows blood to flow direetly from the 
right atrium into the left atrium and bypass the 
pulmonary circulation. 

forebrain The most rostral part of the brain, 
eonsisting of the eerebram and dieneephalon. 

(fig. 13.14) 

foregut 1. The most rostral part of the embryonie 
digestive traet; all of the traet rostral to the initial 
attaehment of the yolk sae. (fig. 4.5) 2. In adults, 
all of the digestive traet from the oral eavity to 
the major duodenal papilla, with a blood supply 
and innervation separate from those of the 
midgut and hindgut. 

formed element An erythroeyte, leukocyte, or 
platelet; any normal eomponent of blood or 
lymph that is a eell or eell fragment, as opposed 
to the extracellular fluid eomponent. 
fossa (FOSS-uh) A depression in an organ or 
tissue, such as the fossa ovalis of the heart or a 
eranial fossa of the skull. 
fovea (FOE-vee-uh) A small pit, such as the 
fovea eapitis of the femur or fovea eentralis of 
the retina. 

free nerve ending A bare sensory nerve ending, 
laeking assoeiated eonneetive tissue or 
speeialized eells; includes reeeptors for heat, 
eold, and pain; also ealled an unencapsulated 
nerve ending. 

frontal plane An anatomieal plane that passes 
through the body or an organ from right to left 
and superior to inferior; also ealled a eoronal 
plane. (fig. 1.8) 

functional magnetie resonanee imaging (fMRI) 

A variation on MRI that enables the visualization 
of moment-to-moment ehanges in the metabolie 
aetivity of a tissue, rather than statie images; 
used to study quickly ehanging patterns of brain 
aetivity, among other diagnostie and researeh 
purposes. 

fundus The base or broadest part of eertain organs 
such as the stomaeh and uterus. 
funiculus (few-NICK-you-lus) Any of the three 
major divisions of the white matter of the spinal 
eord, eomposed of multiple faseieles, or traets; 
also ealled a column. The three funiculi on eaeh 
side of the eord are the dorsal, lateral, and ventral 
columns. 

fusiform (FEW-zih-form) Spindle-shaped; 
elongated, thiek in the middle, and tapered at 
both ends, such as the shape of a smooth muscle 
eell or a muscle spindle. (fig. 2.3) 

G 

gamete (GAM-eet) An egg or sperm eell. 
gametogenesis (GAM-eh-toe-JEN-eh-sis) The 
production of eggs or sperm. 
ganglion (GANG-glee-un) A cluster of nerve eell 
bodies in the peripheral nervous system, often 
resembling a knot in a string. 
gangrene Tissue neerosis resulting from isehemia. 
gap junction A junction between two eells 
eonsisting of a pore surrounded by a ring of 
proteins in the plasma membrane of eaeh eell, 
allowing solutes to diffuse from the eytoplasm of 
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one eell to the next; functions include eell-to- 
eell nutrient transfer in the developing embryo 
and eleetrieal communication between eells of 
eardiae and smooth muscle. (fig. 2.15) 
gastrie Pertaining to the stomaeh. 
gastrointestinal (GI) system The part of the 
digestive traet eomposed of the stomaeh and 
intestines. 

gate A protein ehannel in a eelhilar membrane 
that ean open or elose in response to ehemieal, 
eleetrieal, or meehanieal stimuli, thus eontrolling 
when substances are allowed to pass through the 
membrane. 

general senses Senses such as touch, heat, eold, 
pain, vibration, and pressure, mediated by 
relatively simple sense organs that are distributed 
throughout the body. See also somesthetie; 
speeial senses. 

genitalia The pelvie reproductive organs including 
the internal genitalia in the pelvie eavity and 
external genitalia in the perineum; most of the 
external genitalia are externally visible, but 
some are subcutaneous, between the skin and the 
muscles of the pelvie floor. 
genitourinary (G-U) system See urogenital (U-G) 
system. 

germ eell A gamete or any precursor eell destined 
to beeome a gamete. 

germ layer Any of three tissue layers of an 

embryo: the eetoderm, mesoderm, or endoderm. 
gestation (jess-TAY-shun) Pregnaney. 
gland Any organ speeialized for seeretion or 
excretion; in some eases a single eell, such as a 
goblet eell. 

glial eell (GLEE-ul, GLY-ul) Any of the six 
types of supporting eells of the nervous system 
(oligodendroeytes, astroeytes, mieroglia, and 
ependyma in the CNS; Schwann eells and 
satellite eells in the PNS); constitute most of the 
bulk of the nervous system and perform various 
proteetive and supportive roles for the neurons. 
Also ealled neuroglia. 

glomemlar capsule (glo-MERR-you-lur) A 
double-walled capsule around eaeh glomerulus 
of the kidney; reeeives glomemlar filtrate and 
empties into the proximal convoluted tubule. 

(fig. 25.8) 

glomerulus A spheroid mass of blood 

eapillaries in the kidney that filters plasma 
and produces glomerular filtrate, which is 
further proeessed to form the urine. (fig. 25.9) 
glucose A monosaeeharide (C 6 H 12 0 6 ) also known 
as blood sugar; glyeogen, stareh, eelhilose, 
and maltose are made entirely of glucose, and 
glucose constitutes half of a sucrose or laetose 
molecule. The isomer involved in human 
physiology is also ealled dextrose. 
gluteal Pertaining to the buttocks. 
glycocalyx (GLY-co-CAY-licks) A layer 
of earbohydrate eovalently bonded to the 
phospholipid and protein molecules of a plasma 
membrane; forms a surface eoat on all human 
eells. (fig. 2.12) 

glyeogen A glucose polymer synthesized by liver, 
muscle, uterine, and vaginal eells that serves as 
an energy-storage polysaeeharide. 
glyeolipid A phospholipid molecule with 

earbohydrate eovalently bonded to it, found in 
the plasma membranes of eells. 
glyeoprotein A protein-earbohydrate complex in 
which the protein is dominant; found in mucus 
and the glycocalyx of eells, for example. 
glyeosaminoglyean (GAG) (GLY-eose-am-ih- 
no-GLY-ean) A polysaeeharide eomposed of 
modified sugars with amino groups; the major 


eomponent of a proteoglyean. GAGs are largely 
responsible for the viscous eonsisteney of tissue 
gel and the stiffness of eartilage. 
goblet eell A mucus-secreting gland eell, 
shaped somewhat like a wineglass, found in 
the epithelia of many mucous membranes. 

(fig- 3.7) 

Golgi complex (GOAL-jee) An organelle 
eomposed of several parallel eisternae, 
somewhat like a staek of saucers, that modifies 
and paekages newly synthesized proteins and 
synthesizes earbohydrates. (fig. 2.19) 

Golgi vesiele A membrane-bounded vesiele 
pinehed from the Golgi complex, eontaining its 
ehemieal product; may be retained in the eell as 
a lysosome or beeome a seeretory vesiele that 
releases the product by exocytosis. 
gonad The ovary or testis. 
gonadal ridge The earliest traee of the embryonie 
gonad, a streak of tissue adjaeent to the kidney, 
populated by the first germ eells arriving from 
the yolk sae at 5 to 6 weeks of gestation; also 
ealled a genital ridge. 

gramdoeyte (GRAN-you-lo-site) Any of three 
types of leukocytes (neutrophils, eosinophils, or 
basophils) with prominent eytoplasmie gramiles. 

(fig. 19.1) 

granulosa eells Cells that form a stratified 
cuboidal epithelium lining an ovarian folliele; 
source of steroid sex hormones. (fig. 26.14) 
gray matter A zone or layer of tissue in the eentral 
nervous system where the neuron eell bodies, 
dendrites, and synapses are found; forms the 
eore of the spinal eord, nuclei of the brainstem, 
basal nuclei of the eerebmm, eerebral cortex, and 
eerebellar cortex. (fig. 15.4) 
great toe The large medial toe; also ealled the 
hallux. 

great vessels The largest of the blood vessels 
attaehed direetly to the heart; the superior and 
inferior venae eavae, pulmonary trunk, and aorta. 
gross anatomy Bodily structure that ean be 
observed without magnifieation. 
ground substance The elear, featureless material 
in which the fibers and eells of a eonneetive 
tissue are embedded; inehides the liquid plasma 
of the blood, tissue gel of areolar tissue, and 
ealeified tissue of bone. 

guard hairs Coarse, stiff hairs that prevent inseets, 
debris, or other foreign matter from entering the 
ear, nose, or eye; also ealled vibrissae. 
gustatory Pertaining to the sense of taste. 
gyrus (JY-rus) A wrinkle or fold in the cortex of 
the eerebmm or eerebelhim. (fig. 15.1) 

H 

hair eell A sensory eell of the eoehlea, 

semicircular ducts, utricle, and saccule, with a 
fringe of surface mierovilli that respond to the 
relative motion of a gelatinous membrane at their 
tips; responsible for the senses of hearing and 
equilibrium. (fig. 17.13) 

hair folliele An oblique epithelial pit in the skin 
that eontains a hair and extends into the dermis 
or hypodermis. 

hair reeeptor Free sensory nerve endings 
entwined around a hair folliele, responsive to 
movement of the hair. 

hallux The great toe; the medial digit of the foot. 
haploid (n) Having a single set of unpaired 

ehromosomes. In humans, the only haploid eells 
are germ eells past the meiosis I stage of eell 
division, including the mature egg and sperm. 


haversian eanal See eentral eanal. 
head 1. The uppermost part of the human body, 
above the neek. 2. The expanded end of an 
organ such as a bone, the panereas, or the 
epididymis. 

helper T eell A type of lymphoeyte that 

performs a eentral eoordinating role in humoral 
and cellular imrmmity; target of the human 
imrmmodefieieney virus (HIV). 
hematoerit (he-MAT-oh-erit) The pereentage of 
blood volume that is eomposed of erythroeytes. 
hematoma (HE-muh-TOE-muh) A mass of elotted 
blood in the tissues; forms a bmise when visible 
through the skin. 

hemidecussation Crossing-over of one-half of the 
nerve fibers in a nerve or traet to the opposite 
side of the eentral nervous system, espeeially at 
the optie ehiasm. Compare decussation. 
hemoglobin The red pigment of erythroeytes; 
binds and transports about 98.5% of the oxygen 
and 5% of the earbon dioxide earried in the 
blood. 

hemopoiesis (HE-mo-poy-EE-sis) Production of 
any of the formed elements of blood. 
hemopoietie tissue Any tissue in which 

hemopoiesis occurs, espeeially red bone marrow 
and lymphatie tissue. 

hemostasis The eessation of bleeding by the 
meehanisms of vascular spasm, a platelet plug, 
and blood elotting. 
hepatie Pertaining to the liver. 
hepatie maerophage A maerophage found in the 
shmsoids of the liver; also ealled a Knpffer eell. 
hepatie portal system A network of blood vessels 
that eonneet eapillaries of the intestines to 
eapillaries (shmsoids) of the liver, thus delivering 
newly absorbed nutrients direetly to the liver. 
hepatoeyte Any of the cuboidal gland eells that 
constitute the parenehyma of the liver. 
hiatus (hy-AY-tus) An opening or gap, such as the 
esophageal hiatus through the diaphragm. 
hilum (HY-lum) A point on the surface of an organ 
where blood vessels, lymphatie vessels, or nerves 
enter and leave, usually marked by a depression 
and slit; the midpoint of the eoneave surface of 
any organ that is roughly bean-shaped, such as 
the lymph nodes, kidneys, and lungs. Also ealled 
the hilus. (fig. 23.9) 

hindbrain The most caudal part of the brain, 
eomposed of the medulla oblongata, pons, and 
eerebelhim. (fig. 13.14) 

hindgut 1. The most caudal part of the embryonie 
digestive traet; all of the traet caudal to the initial 
attaehment of the yolk sae. (fig. 4.5) 2. In adults, 
all of the digestive traet from the end of the 
transverse eolon through the anal eanal, with a 
blood supply and innervation separate from those 
of the foregut and midgut. 
histologieal seetion A thin sliee of tissue, 
usually mounted on a slide and artifieially 
stained to make its mieroseopie structure 
more visible. 

histology 1. The mieroseopie structure of tissues 
and organs. 2. The study of such structure. 
holoerine gland An exocrine gland whose 

seeretion is formed by the breakdown of entire 
gland eells; for example, a sebaceous gland. 
homeostasis (HO-me-oh-STAY-sis) The tendeney 
of a living body to maintain relatively stable 
internal eonditions in spite of greater ehanges in 
its external environment. 

homologous (ho-MOLL-oh-gus) 1. Having the 
same embryonie or evolutionary origin but 
not neeessarily the same function, such as the 
scrotum and labia majora. 2. Pertaining to two 
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ehromosomes with identieal structures and 
gene loei but not neeessarily identieal alleles; 
eaeh member of the pair is inherited from a 
different parent. 

hormone A ehemieal messenger that is seereted 
into the blood by an endoerine gland or isolated 
gland eell and triggers a physiologieal response 
in distant eells with reeeptors for it. 
hyaline eartilage (HY-uh-lin) A form of eartilage 
with a relatively elear matrix and fine eollagen 
fibers but no conspicuous elastie fibers 
or eollagen bundles as in other types of 
eartilage. (fig. 3.19) 

hyaluronic aeid (HY-uh-loo-RON-ic) A 

glyeosaminoglyean that is particularly abundant 
in eonneetive tissues, where it beeomes hydrated 
and forms the tissue gel. 
hydrolysis (hy-DRAHL-ih-sis) A ehemieal 
reaetion in which water is broken down into 
hydrogen and hydroxide ions and these are used 
to split a eovalent bond in an organie molecule, 
for example, in digesting stareh to glucose or 
protein to amino aeids, or breaking ATP down 
into ADP and phosphate. 

hyperextension A joint movement that inereases 
the angle between two bones beyond 180°. 

(fig- 9.7) 

hyperplasia (HY-pur-PLAY-zhuh) The growth 
of a tissue through eelhilar multiplication, not 
cellular enlargement. Compare hypertrophy. 
hypertrophy (hy-PUR-tro-fee) The growth of a 
tissue through cellular enlargement, not cellular 
multiplication; for example, the growth of 
muscle under the influence of exercise. 

Compare hyperplasia. 

hypoblast The layer of eells in the early embryonie 
dise faeing away from the amniotie eavity; 
forms the yolk sae and is then replaeed during 
gastrulation by migrating epiblast eells. 
hypoehondriae Pertaining to an area on eaeh 
side of the abdomen superior to the subcostal 
line and lateral to the midclavicular line. 

(fig. 1.11) 

hypodermis (HY-po-DUR-miss) A layer 
of eonneetive tissue deep to the skin; also 
ealled superficial faseia, subcutaneous 
tissue, or when it is predominantly adipose, 
subcutaneous fat. 

hypogastrie Pertaining to a medial area of the 
lower abdomen inferior to the intertubercular 
line and medial to (between) the midclavicular 
lines; also ealled the pubic region. (fig. 1.11) 
hypophyseal portal system A circulatory 

pathway that eonneets a eapillary plexus in the 
hypothalamus to a eapillary plexus in the anterior 
pituitary; earries hypothalamie releasing and 
inhibiting hormones to the anterior pituitary. 

(fig. 18.2) 

hypophysis The pituitary gland. 
hypothalamie thermostat A nucleus of 
neurons in the hypothalamus responsible 
for the homeostatie regulation of body 
temperature. 

hypothalamo-hypophyseal traet A bundle 
of nerve fibers that begin in nuclei in the 
hypothalamus, travel through the pituitary 
stalk, and terminate in the posterior lobe of 
the pituitary gland. They deliver the hormones 
oxytocin and antidiuretic hormone to the 
posterior pituitary for storage, and signal the 
pituitary when to release them into the blood. 

(fig. 18.2) 

hypothalamiis (HY-po-THAL-uh-mus) The 
inferior portion of the dieneephalon of the 
brain, forming the walls and floor of the third 


ventriele and giving rise to the posterior pituitary 
gland; eontrols many fundamental physiologieal 
functions such as appetite, thirst, and body 
temperature. (fig. 15.2) 

hypothesis An informed conjecture that is eapable 
of being tested and potentially falsified by 
experimentation or data eolleetion. 
hypoxemia A defieieney of oxygen in the blood. 
hypoxia A defieieney of oxygen in any tissue; may 
lead to tissue neerosis. 


I 

immune system A population of eells, inehiding 
leukocytes and maerophages, that occur in 
most organs of the body and proteet against 
foreign organisms, some foreign ehemieals, and 
cancerous or other aberrant host eells. 
immunity The ability to ward off a speeifie 
infeetion or disease, usually as a result of prior 
exposure and the body’s production of antibodies 
or lymphoeytes against a pathogen. 
implantation The proeess in which a conceptus 
attaehes to the uterine endometrium and then 
beeomes embedded in it. 

inclusion Any visible objeet in the eytoplasm of 
a eell other than an organelle or eytoskeletal 
element; usually a foreign body or a stored eell 
product, such as a virus, dust partiele, lipid 
droplet, glyeogen granule, or pigment. 
infaretion 1. The sudden death of tissue resulting 
from a loss of blood flow, often resulting from 
the oeehision of an artery; for example, eerebral 
infaretion and myoeardial infaretion. 2. A region 
of tissue that has died from laek of blood; also 
ealled an infaret. 

inferior Lower than another structure or point of 
referenee from the perspeetive of anatomieal 
position; for example, the stomaeh is inferior to 
the diaphragm. 

infundibulum (IN-fun-DIB-you-lum) Any funnel- 
shaped passage or structure, such as the distal 
portion of the uterine tube and the stalk that 
attaehes the pituitary gland to the hypothalamus. 
inguinal (IN-gwih-nul) Pertaining to the groin. 

(fig. Lll) 

innervation (IN-ur-VAY-shun) The nerve supply 
to an organ. 
inspiration Inhaling. 
integument The skin. 
integumentary system An organ system 

eonsisting of the skin, cutaneous glands, hair, 
and nails. 

interatrial septrnn The wall between the atria of 
the heart. 

interealated dise (in-TUR-kuh-LAY-ted) A 
complex of faseia adherens, gap junctions, and 
desmosomes that join two eardiae muscle eells 
end to end, mieroseopieally visible as a dark 
line, which helps to histologieally distinguish 
this muscle type; functions as a meehanieal and 
eleetrieal link between eells. (fig. 20.14) 
intercellular Between eells. 
intercellular junction See eell junction. 
intereostal (IN-tur-COSS-tul) Between the ribs, 
as in the intereostal muscles, arteries, veins, 
and nerves. 

interdigitate To fit together like the fingers of 
the folded hands; for example, at the dermal- 
epidermal boundary, podoeytes of the kidney, 
and interealated dises of the heart. 
interneuron (IN-tur-NEW-ron) A neuron that is 
eontained entirely in the eentral nervous system 
and, in the path of signal conduction, 


lies anywhere between an afferent pathway and 
an efferent pathway. 

interoeeptor A sensory reeeptor that responds to 
stirmili originating within the body. Compare 
exteroceptor. 

interosseous membrane (IN-tur-OSS-ee-us) A 
fibrous membrane that eonneets the radius to the 
ulna and the tibia to the fibula along most of the 
shaft of eaeh bone. (fig. 8.4) 
interstitial (IN-tur-STISH-ul) 1. Pertaining to 
the extracellular spaees in a tissue. 2. Loeated 
between other structures, as in the interstitial 
eells of the testis. 

interstitial fluid Fluid in the interstitial spaees of a 
tissue, also ealled tissuefluid. 
intervertebral dise A cartilaginous pad between 
the bodies of two adjaeent vertebrae. 
intracellular Contained within a eell. 
intracellular fluid (ICF) The fluid eontained in 
the eells; one of the major fluid eompartments. 
intramembranous ossifieation A proeess 
of bone development in which there is 
no eartilage precursor; rather, the bone 
develops direetly from a sheet of eondensed 
mesenehyme. (fig. 6.7) Compare endoehondral 
ossifieation. 

intraperitoneal Within the peritoneal eavity. 

Compare retroperitoneal. 
intrinsie 1. Arising from within, such as 
intrinsie blood-elotting faetors; endogenous. 

2. Fully eontained within an organ, such as 
the intrinsie muscles of the hand and eye. 
Compare extrinsic. 

inversion Movement of the foot that turns the sole 
medially. (fig. 9.17) 

involuntary Not under conscious eontrol, as in 
the ease of the autonomic nervous system and 
eardiae and smooth muscle eontraetion. 
involution Shrinkage of a tissue or organ by 
autolysis, such as shrinkage of the thymus after 
ehildhood and of the uterus after pregnaney. 
ipsilateral (IP-sih-LAT-ur-ul) On the same side of 
the body, as in reflex ares in which a muscular 
response occurs on the same side of the body as 
the stimulus. Compare eontralateral. 
isehemia A state in which the blood flow to a 
tissue is inadequate to meet its metabolie needs; 
may lead to tissue neerosis from hypoxia or 
waste accumulation. 

isthmus A narrow zone of tissue eonneeting two 
larger masses; for example, at the front of the 
thyroid gland and eonneeting the uterine tube 
ampulla to the uterus. 


J 

joint See articulation. 


K 

keratin A tough protein formed by keratinoeytes 
that constitutes the hair, nails, and stratum 
corneum of the epidermis. 

keratinized Covered with keratin, such as the 
epidermis. 

keratinoeyte A eell of the epidermis that 

synthesizes keratin, then dies; most eells of the 
epidermis are keratinoeytes, with dead ones 
constituting the stratum corneum. 

Kupffer eell See hepatie maerophage. 

kyphosis An exaggerated thoraeie spinal curvature, 
often resulting from osteoporosis; also ealled 
widow’s hump or dowager’s hump. 
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L 

labium (LAY-bee-um) A lip, such as those of the 
mouth and the labia majora and minora of the 
vulva. 

laerimal Pertaining to the tears or tear glands. 
laeteal A lymphatie eapillary loeated in the eore 
of an intestinal villus, serving to absorb dietary 
lipids. 

lacuna (la-CUE-nuh) A small eavity or depression 
in a tissue such as bone, eartilage, and the 
ereetile tissues. 

lamella A little plate or sheet of tissue, such as a 
lamella of bone. (fig. 6.4) 
lamellar corpuscle A bulbous sensory reeeptor 
with one or a few dendrites enelosed in onionlike 
layers of Schwann eells; found in the dermis, 
mesenteries, panereas, and some other viseera, 
and responsive to deep pressure, streteh, and 
high-frequency vibration. Also ealled a paeinian 
corpuscle. (fig. 17.1) 

lamina (LAM-ih-nuh) A thin layer, such as the 
lamina of a vertebra or the lamina propria of a 
mucous membrane. (figs. 3.32, 7.25) 
lamina propria (PRO-pree-uh) A thin layer of 
areolar tissue immediately deep to the epithelhim 
of a mucous membrane. (fig. 3.32) 
laryngopharynx (la-RIN-go-FAIR-inks) The 
portion of the pharynx formed by the union of 
the oropharynx and nasopharynx, beginning 
at the level of the hyoid bone and extending 
inferiorly to the opening of the esophagus. 

(fig. 23.2) 

larynx (LAIR-inks) A cartilaginous ehamber in the 
neek eontaining the voeal eords; the voicebox. 
(fig- 23.4) 

lateral Away from the midline of an organ or 
median plane of the body; toward the side. 
Compare medial. 

leg 1. That part of the body between the knee and 
ankle; the eraral region. 2. A leglike extension of 
an organ. See also eras. 

lesion A circumscribed zone of tissue injury, such 
as a skin abrasion or myoeardial infaretion. 
leukocyte (LOO-eo-site) Any nucleated blood eell; 
a neutrophil, eosinophil, basophil, lymphoeyte, 
or monoeyte. Also ealled a white blood eell. 

(fig- 19.1) 

leukopoiesis The proeess of leukocyte 
development from hemopoietie stem eells. 
libido The sex drive; a psyehologieal desire for sex. 
ligament A eord or band of tough collagenous 
tissue binding one organ to another, espeeially 
one bone to another, and serving to hold organs 
in plaee; for example, the cruciate ligaments of 
the knee and faleiform ligament of the liver. 
light mieroseope (LM) A mieroseope that 
produces images with visible light. 
limb 1. An appendage of the body arising from 
the shoulder or hip. See also lower limb; upper 
limb. 2. An appendage or extension of another 
structure, such as the deseending limb of the 
nephron loop. 

limb bud An outgrowth of the embryo that 
develops into an upper or lower limb. 
limbie system A ring of brain structures that 
eneirele the corpus callosum and thalamus, 
including the cingulate gyrus, hippocampus, 
amygdala, and other structures; functions include 
learning and emotion. (fig. 15.15) 
line 1. Any long narrow mark. See also linea. 

2. An elongated, slightly raised ridge on a bone, 
such as the nuchal lines of the skull. (fig. 7.4) 
linea (LIN-ee-uh) An anatomieal line, such as the 
linea alba of the abdomen. 


lingual (LING-wul) Pertaining to the tongue. 
lipid A hydrophobie organie compound with 
a high ratio of hydrogen to oxygen; includes 
steroids, fatty aeids, triglyeerides (fats), 
phospholipids, and prostaglandins. 

LM 1. Light mieroseope. 2. Light mierograph, a 
photograph made through the light mieroseope. 
load 1. To piek up oxygen or earbon dioxide for 
transport in the blood. 2. The resistanee aeted 
upon by a muscle. 

lobe 1. A structural subdivision of an organ such as 
a gland, a lung, or the brain, bounded by a visible 
landmark such as a fissure or septum. 2. The 
inferior, noncartilaginous, often pendant part of 
the ear pinna; the earlobe. 

lobule (LOB-yool) A small subdivision of an organ 
or of a lobe of an organ, espeeially of a gland. 
long bone A bone such as the femur or humerus 
that is markedly longer than wide and that 
generally serves as a lever. 
longitudinal seetion (l.s.) A cut along the longest 
dimension of the body or of an organ. (fig. 3.2) 
loose eonneetive tissue Areolar or reticular tissue; a 
eonneetive tissue that has an abundance of ground 
substance and widely spaeed fibers and eells. 
lower limb The appendage that arises from the 
hip, eonsisting of the thigh from hip to knee; the 
eraral region from knee to ankle; the ankle; and 
the foot. Loosely ealled the leg, although that 
term properly refers only to the eraral region. 
lumbar Pertaining to the lower baek and sides, 
between the thoraeie eage and pelvis. 
himen The internal spaee of a hollow organ, such 
as a blood vessel or the esophagus, or a spaee 
surrounded by eells, as in a gland acinus. 
lymph The fluid eontained in lymphatie vessels 
and lymph nodes, produced by the absorption of 
tissue fluid. 

lymphatie nodule A temporary, dense aggregation 
of lymphoeytes in such plaees as mucous 
membranes and lymphatie organs; also ealled a 
lymphatie folliele. (fig. 22.8) 
lymphatie system An organ system eonsisting 
of lymphatie vessels, lymph nodes, the tonsils, 
spleen, and thymus; functions include tissue fluid 
reeovery and immunity. 

lymph node A small organ found along the course 
of a lymphatie vessel; filters the lymph and 
eontains lymphoeytes and maerophages, which 
respond to antigens in the lymph. (fig. 22.11) 
lymphoeyte (LIM-foe-site) A relatively small 
leukocyte with numerous types and roles in 
nonspeeifie defense, humoral imrmmity, and 
cellular immunity. (fig. 19.1) 
lysosome A membrane-bounded organelle 

eontaining a mixture of enzymes with a variety 
of intracellular and extracellular roles in 
digesting foreign matter, pathogens, and expired 
organelles. (fig. 2.19) 

lysozyme An enzyme found in tears, milk, saliva, 
mucus, and other body fluids that destroys 
baeteria by digesting their eell walls; also ealled 
mnramidase. 


M 

maerophage (MAC-ro-faje) Any eell of the body, 
other than a leukocyte, that is speeialized for 
phagoeytosis; usually derived from a blood 
monoeyte and often functioning as an antigen- 
presenting eell. 

macula (MAC-you-luh) A pateh or spot, such as 
the macula lutea of the retina and macula sacculi 
of the inner ear. 


magnetie resonanee imaging (MRI) A method of 
producing a computerized image of the interior 
of the body using a strong magnetie field and 
radio waves. (fig. 1.3) 
male In humans, any individual with a Y 

ehromosome; normally, one possessing one X 
and one Y ehromosome in eaeh somatie eell, and 
having reproductive organs that serve to produce 
and deliver sperm. 

mammary gland The milk-seereting gland that 
develops within the breast in pregnaney and 
laetation; only minimally developed in the breast 
of a nonpregnant or nonlaetating woman. 
mast eell A eonneetive tissue eell, similar to a 
basophil, that seeretes histamine, heparin, and 
other ehemieals involved in inflammation; 
often eoneentrated along the course of a blood 
eapillary. 

matrix 1. The extracellular material of a tissue. 

2. The substance or framework within which 
other structures are embedded, such as the 
fibrous matrix of a blood elot. 3. A mass 
of epidermal eells from which a hair root 
or nail root develops. 4. The fluid within a 
mitoehondrion eontaining enzymes of the eitrie 
aeid eyele. 

meatus (me-AY-tus) An opening into a eanal, such 
as an acoustic meatus. 

meehanoreeeptor A sensory nerve ending or 
organ speeialized to deteet meehanieal stimuli 
such as touch, pressure, streteh, or vibration. 
medial Toward the midline of an organ or median 
plane of the body. Compare lateral. 
median plane The sagittal plane that divides the 
body or an organ into equal right and left halves; 
also ealled the midsagittal plane. (fig. 1.8) 
Compare sagittal plane. 

mediastinum (ME-dee-ah-STY-num) The thiek 
median partition of the thoraeie eavity that 
separates one pleural eavity from the other and 
eontains the heart, great blood vessels, and 
thymus. (fig. 1.12) 

medieal imaging Any of several noninvasive 
or minimally invasive methods for producing 
images of the interior of the body, including 
X-rays, MRI, PET, CT, and sonography. 
medulla (meh-DUE-luh, meh-DULL-uh) Tissue 
deep to the cortex of eertain organs such as the 
adrenal glands, lymph nodes, hairs, and kidneys. 
medulla oblongata (OB-long-GAH-ta) The 
most caudal part of the brainstem, immediately 
superior to the foramen magnum of the skull, 
eonneeting the spinal eord to the rest of the brain. 

(fig- 15.2) 

meiosis (my-OH-sis) A form of eell division in 
which a diploid eell divides twice and produces 
four haploid daughter eells; occurs only in 
gametogenesis. 

melanin A brown or blaek pigment synthesized by 
melanoeytes and some other eells; provides eolor 
to the skin, hair, eyes, and some other organs and 
tissues. 

melanoeyte A eell of the stratum basale of the 
epidermis that synthesizes melanin and transfers 
it to the keratinoeytes. 

meninges (meh-NIN-jeez) (singular, meninx ) 
Three fibrous membranes between the eentral 
nervous system and surrounding bone: the 
dura mater, araehnoid mater, and pia mater. 

(fig. 15.3) 

meroerine (MERR-oh-erin) Pertaining to gland 
eells that release their product by exocytosis; also 
ealled eeerine. (figs. 3.31, 5.10) 
mesenehyme (MEZ-en-kime) A gelatinous 
embryonie eonneetive tissue derived from the 
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mesoderm; differentiates into all permanent 
eonneetive tissues and most muscle. 
mesentery (MEZ-en-tare-ee) A serous membrane 
that binds the intestines together and suspends 
them from the abdominal wall; the viseeral 
continuation of the peritoneum. (figs. 1.15, 24.3) 
mesoeolon A dorsal mesentery that anehors parts 
of the eolon to the abdominal wall. (fig. 24.3) 
mesoderm (MEZ-oh-durm) The middle layer of 
the three primary germ layers of an embryo; 
gives rise to muscle and eonneetive tissue. 
mesonephrie ducts A pair of embryonie ducts 
that forms in assoeiation with the temporary 
mesonephrie kidney; they degenerate in the 
female, but in the male, they develop into parts 
of the reproductive traet. (fig. 26.22) 
mesothelium (MEZ-oh-THEEL-ee-um) A simple 
squamous epithelium that eovers the serous 
membranes. 

metaphysis A growth zone at the junction between 
the diaphysis and epiphysis of a long bone, where 
eartilage is replaeed by osseous tissue and the 
bone grows in length. (fig. 6.9) 
metaplasia Transformation of one mature tissue 
type into another; for example, a ehange from 
pseudostratified columnar to stratified squamous 
epithelium in an overventilated nasal eavity. 
metarteriole A short blood vessel that links an 
arteriole to a bed of blood eapillaries, with 
no tunica media except for a smooth muscle 
preeapillary sphineter at the opening to eaeh 
eapillary. (fig. 21.9) 

metastasis (meh-TASS-tuh-sis) The spread of 
eaneer eells from the original tumor to a new 
loeation, where they seed the development of a 
new tumor. 

mierofilament A thin filament of aetin in the 
eytoskeleton of a eell, involved espeeially in the 
supportive eore of a mierovilhis, the membrane 
skeleton just deep to the plasma membrane, and 
in muscle eontraetion. See also aetin. 
mierograph A photograph made with a 
mieroseope. 

mierometer (pm) One-thousandth of a millimeter, 
or 10“ 6 meter; a eonvenient unit of length for 
expressing the sizes of eells. 
microtubule An intracellular eylinder eomposed 
of the protein tubulin, forming eentrioles, the 
axonemes of eilia and flagella, and part of the 
eytoskeleton. 

microvillus An outgrowth of the plasma 
membrane that inereases the surface area of 
a eell and functions in absorption and some 
sensory proeesses; distinguished from eilia 
and flagella by its smaller size and laek of an 
axoneme. 

midbrain A short seetion of the brainstem 

between the pons and dieneephalon. (fig. 15.2) 
midgut 1. The middle part of the embryonie 
digestive traet, loeated at the attaehment of 
the yolk sae. (fig. 4.5) 2. In adults, all of the 
digestive traet from the major duodenal papilla 
through the end of the transverse eolon, with a 
blood supply and innervation separate from those 
of the foregut and hindgut. 
midsagittal plane See median plane. 
mineralization See ealeifieation. 
mitoehondrion (MY-toe-CON-dree-un) An 

organelle speeialized to synthesize ATP, enelosed 
in a double unit membrane with infoldings of the 
inner membrane ealled eristae. 
mitosis A form of eell division in which a eell 
divides onee and produces two genetieally 
identieal daughter eells; sometimes used to 
refer only to the division of the genetie material 


or nucleus and not to inehide eytokinesis, the 
subsequent division of the eytoplasm. 
mixed nerve A nerve eontaining both afferent 
(sensory) and efferent (motor) nerve fibers. 
monoeyte A leukocyte speeialized to migrate into 
the tissues and transform into a maerophage. 

(fig- 19.1) 

monozygotie (MZ) twins Two individuals that 
develop from the same zygote and are therefore 
genetieally identieal. 

morphology Anatomy, espeeially as interpreted 
from a functional perspeetive. 
morula A preembryonie stage of development 
eonsisting of 16 or more identieal-looking eells 
having a bumpy surface appearanee reminiseent 
of a mulberry. The morala develops into a 
blastoeyst and then implants on the uterine wall. 
motor neuron A neuron that transmits signals 
from the eentral nervous system to any effeetor 
(muscle or gland eell); also ealled an efferent 
neuron. The axon of a motor neuron is an efferent 
nerve fiber. 

motor protein Any protein that produces 

movements of a eell or its eomponents owing to 
its ability to undergo quick repetitive ehanges 
in eonformation and to bind reversibly to other 
molecules; for example, myosin, dynein, and 
kinesin. 

motor unit One motor neuron and all the skeletal 
muscle fibers innervated by it. 
mouth 1. A narrow opening into any eavity 
or hollow organ. 2. The oral (buccal) eavity, 
bordered by the lips, eheeks, and fauces. 

MRI See magnetie resonanee imaging. 
mucosa (mew-CO-suh) A tissue layer that forms 
the inner lining of an anatomieal traet that is 
open to the exterior (the respiratory, digestive, 
urinary, and reproductive traets). Composed of 
epithelium, eonneetive tissue (lamina propria), 
and often smooth muscle (muscularis rmieosae). 
Also ealled a mucous membrane. (fig. 3.32) 
mucosa-associated lymphatie tissue 

(MALT) Aggregations of lymphoeytes, 
including lymphatie nodules, in the mucous 
membranes. 

mucous gland A gland that seeretes mucus, such 
as the glands of the large intestine and nasal 
eavity. Compare serous gland. 
mucous membrane See mucosa. 
mucus A viscous, slimy or stieky seeretion 
produced by mucous eells and mucous 
membranes and eonsisting of a hydrated 
glyeoprotein, mucin; serves to bind partieles 
together, such as bits of mastieated food, and to 
proteet the mucous membranes from infeetion 
and abrasion. 

nraltipotent Pertaining to a stem eell that is 
eapable of differentiating into multiple, but not 
unlimited, adult eell types; for example, bone 
marrow eolony-forming units that ean produce 
multiple types of leukocytes. 
nrasele fiber One skeletal muscle eell. Compare 
myoeyte. 

muscularis externa The external muscular wall of 
eertain viseera such as the esophagus and small 
intestine. (fig. 24.2) 

muscularis mucosae (MUSS-cue-LERR-iss mew- 
CO-see) A layer of smooth muscle immediately 
deep to the lamina propria of a rmieosa. 

(fig. 3.32) 

muscular system An organ system eomposed of the 
skeletal muscles, speeialized mainly for maintaining 
postural support and producing movements of the 
bones. Oardiae and smooth muscle are not regarded 
as part of the muscular system. 


muscular tissue A tissue eomposed of elongated, 
eleetrieally excitable eells speeialized for 
eontraetion; the three types are skeletal, eardiae, 
and smooth muscle. 

nratagen (MEW-tuh-jen) Any agent that causes 
a mutation, including viruses, ehemieals, and 
ionizing radiation. 

mutation Any ehange in the structure of a 
ehromosome or a DNA molecule, often 
resulting in a ehange of organismal structure 
or function. 

myelin (MY-eh-lin) A lipid sheath around a nerve 
fiber, formed from elosely spaeed spiral layers of 
the plasma membrane of an oligodendroeyte or 
Schwann eell. (fig. 13.7) 
myelination The proeess in which an 

oligodendroeyte or Schwann eell deposits myelin 
around a nerve fiber. 
myeloid tissue B one marrow. 
myenterie plexus A plexus of parasympathetie 
neurons loeated between the layers of the 
muscularis externa of the digestive traet; eontrols 
peristalsis. 

myocardium The middle, muscular layer of 
the heart. 

myoeyte A muscle eell, espeeially a eell of eardiae 
or smooth muscle. Compare muscle fiber. 
myoepithelial eell An epithelial eell that has 

beeome speeialized to eontraet like a muscle eell; 
important in dilation of the pupil and ejeetion of 
seeretions from gland aeini. 
myofibril (MY-oh-FY-bril) A bundle of 

myofilaments forming an internal subdivision of 
a eardiae or skeletal muscle eell. (fig. 10.8) 
myofilament A protein mierofilament responsible 
for the eontraetion of a muscle eell, eomposed 
mainly of myosin or aetin. (fig. 10.9) 
myosin A motor protein that constitutes the thiek 
myofilaments of muscle and has globular, mobile 
heads of ATPase that bind to aetin molecules. 
myotome A group of mesodermal eells that arise 
from a somite in the fourth week of development 
and give rise to body wall muscles in that region 
of the trank of the body. Compare dermatome; 
selerotome. 


N 

nasal eoneha One of three curved or seroll-like 
plates of bone and mucous membrane that 
extends from the lateral wall toward the septum 
in eaeh nasal fossa; serves to warm, eleanse, and 
humidify inhaled air. (fig. 23.2) 
nasal septum A wall of bone and eartilage that 
separates the right and left nasal fossae. 
nasopharynx That region of the pharynx that 
lies caudal to the nasal ehoanae and posterior or 
superior to the soft palate. (fig. 23.2) 
natural killer (NK) eell A lymphoeyte that 
attaeks and destroys cancerous or infeeted eells 
of the body without requiring prior exposure or 
a speeifie immune response; one of the body’s 
nonspeeifie defenses. 

neerosis (neh-CRO-sis) Pathologieal tissue death 
due to such causes as infeetion, trauma, or 
hypoxia. Compare apoptosis. 
neonate An infant up to 4 weeks old. 
neoplasia (NEE-oh-PLAY-zee-uh) Abnormal 
growth of new tissue, such as a tumor, with no 
useful function. 

nephron One of approximately 1.2 million blood- 
filtering, urine-producing units in eaeh kidney; 
eonsists of a glomerulus, glomeralar capsule, 
proximal convoluted tubule, nephron loop, and 
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distal convoluted tubule. (fig. 25.6) Compare 
renal tubule. 

nerve A eordlike organ of the peripheral nervous 
system eomposed of multiple nerve fibers 
ensheathed in eonneetive tissue. 
nerve fiber The axon of a single neuron. 
nerve impulse A wave of self-propagating aetion 
potentials spreading along a nerve fiber; the 
nerve signal. 

nervous system An organ system eomposed 
of the brain, spinal eord, nerves, and ganglia, 
speeialized for rapid communication of 
information. 

nervous tissue A tissue eomposed of neurons and 
neuroglia. 

neural circuit A group of intereonneeted neurons 
that conduct signals along defined pathways to 
produce a sustained, repetitive, eonvergent, or 
divergent output. (fig. 13.12) 
neural erest A mass of eetoderm that begins at the 
edges of the neural groove, then separates from 
the neural tube and gives rise primarily to nerves, 
ganglia, and the adrenal medulla. (fig. 13.13) 
neural groove A longitudinal depression in the 
eetoderm of the embryo that eloses up to form 
the neural tube, forerunner of the eentral nervous 
system. (fig. 13.13) 

neural pool A group of intereonneeted neurons of 
the eentral nervous system that perform a single 
eolleetive function; for example, the vasomotor 
eenter of the brainstem and speeeh eenters of the 
eerebral cortex. 

neural tube A dorsal hollow eetodermal tube in 
the embryo that develops into the eentral nervous 
system. (fig. 13.13) 

neuroglia (noo-ROG-lee-uh) All eells of nervous 
tissue except neurons; eells that perform various 
supportive and proteetive roles for the neurons. 
neurohypophysis The posterior one-third of 
the pituitary gland, eonsisting of the posterior 
lobe, a stalk that attaehes the pituitary to the 
hypothalamus, and the median eminenee of 
the hypothalamie floor; stores and seeretes 
antidmretie hormone and oxytocin. (fig. 18.2) 
neuromuscular junction (NMJ) A synapse 
between a nerve fiber and a nrnsele eell. 

(fig- 10.11) 

neuron (NOOR-on) A nerve eell; an eleetrieally 
excitable eell speeialized for producing and 
transmitting aetion potentials and seereting 
ehemieals that stimulate adjaeent eells. (fig. 13.4) 
neurosoma The eell body of a neuron, eontaining 
the nucleus and usually giving rise to the 
axon and dendrites; also ealled the soma or 
perikaryon. (fig. 13.4) 

neurotransmitter A ehemieal released at the distal 
end of an axon that stinmlates an adjaeent eell; 
for example, aeetyleholine, norepinephrine, and 
serotonin. 

neutrophil (NOO-tro-fill) A leukocyte, usually 
with a multilobed nucleus, that serves espeeially 
to destroy baeteria by means of phagoeytosis, 
intracellular digestion, and seeretion of 
baeterieidal ehemieals. (fig. 19.1) 
nitrogenous waste Any nitrogen-eontaining 
substance produced as a metabolie waste and 
excreted in the urine; ehiefly ammonia, urea, uric 
aeid, and ereatinine. 

noeieeptor (NO-sih-SEP-tur) A nerve ending 

speeialized to deteet tissue damage and produce a 
sensation of pain; pain reeeptor. 
node of Ranvier A gap between adjaeent segments 
of myelin in a myelinated nerve fiber; the point 
where aetion potentials are generated in a 
myelinated fiber. 


nonkeratinized Pertaining to a stratified squamous 
epithelmm that laeks a surface layer of dead 
eompaeted keratinoeytes; found in the oral eavity, 
pharynx, esophagus, anal eanal, and vagina. 
notoehord A middorsal supportive rod that 
develops in all ehordate embryos, including 
humans; represented in the adult only by the 
mielei of the intervertebral dises. 
nuchal Pertaining to the baek of the neek. 
nuclear envelope (NEW-clee-ur) A pair of unit 
membranes enelosing the nucleus of a eell, with 
prominent pores allowing traffie of molecules 
between the nucleoplasm and eytoplasm. 

(fig. 2.19) 

mielear medieine Any use of radioisotopes to treat 
disease or form diagnostie images of the body. 
nucleus (NEW-clee-us) 1. A eell organelle 
eontaining DNA and surrounded by a double 
unit membrane. 2. A mass of neurons (gray 
matter) surrounded by white matter of the 
brain, including the basal mielei and brainstem 
nuclei. 3. A eentral structure, such as the nucleus 
pulposus of an intervertebral dise or nucleus of 
an atom. 

nucleus pulposus The gelatinous eenter of an 
intervertebral dise. 


o 

oblique seetion A cut through an elongated organ 
on a slant, between a longitudinal and a eross 
seetion. (fig. 3.2) 

oeehision 1. Meeting of the surfaces of the teeth 
when one bites. 2. Obstruction of an anatomieal 
passageway, such as bloekage of an artery by a 
thrombus or atheroselerotie plaque. 
olfaetory Pertaining to the sense of smell. 
omentum A ventral mesentery that extends from 
the stomaeh to the liver (lesser omentum) or 
is suspended from the greater curvature of the 
stomaeh and overhangs the intestines (greater 
omentnm). (fig. 24.3) 

ooeyte (OH-oh-site) In the development of an 
egg eell, a haploid stage between meiosis I and 
fertilization. 

oogenesis (OH-oh-JEN-eh-sis) The production of 
a fertilizable egg eell through a series of mitotie 
and meiotie eell divisions; female gametogenesis. 
ophthalmie (off-THAL-mie) Pertaining to the eye 
or vision; optie. 

opposition A movement of the thumb in which it 
approaehes or touches any fingertip of the same 
hand. (fig. 9.16) 

optie Pertaining to the eye or vision. 
optie ehiasm An X-shaped point at the base of the 
brain, immediately rostral to the hypothalamus, 
where the two optie nerves meet and continue as 
optie traets. 

oral eavity The spaee enelosed by the lips 
anteriorly, the eheeks laterally, and the fauces 
posteriorly; also ealled the buccal eavity. 
orbit The eye soeket of the skull. 
organ Any anatomieal structure that is eomposed of 
at least two different tissue types, has reeognizable 
structural boundaries, and has a diserete function 
different from the structures around it. Many 
organs are mieroseopie, and many organs eontain 
smaller organs, such as the skin eontaining 
numerous mieroseopie sense organs. 
organelle Any structure within a eell that 
earries out one of its metabolie roles, such as 
mitoehondria, eentrioles, endoplasmie reticulum, 
and the nucleus; an intraeelhilar structure other 
than the eytoskeleton and inclusions. 


organism Any living individual; the entire body 
of any living thing such as a bacterium, plant, 
or human. 

organogenesis The prenatal developmental proeess 
in which embryonie germ layers differentiate into 
speeifie organs and organ systems; the proeess that 
eonverts an embryo to a fetus, occurring between 
day 16 and the end of week 8 of gestation. 
organ system Any of 11 systems of intereonneeted 
or physiologieally interrelated organs that 
perform one of the body’s basie functions; for 
example, the digestive, urinary, and respiratory 
systems. 

oropharynx That part of the pharynx that is caudal 
to the fauces at the rear of the oral eavity, and 
anterior or inferior to the soft palate. (fig. 23.2) 
osmoreeeptor (OZ-mo-re-SEP-tur) A neuron of 
the hypothalarmis that responds to ehanges in the 
osmolarity of the extracellular fluid. 
osmosis The diffusion of water through a 

seleetively permeable membrane from the side 
with less eoneentrated solutes to the side with 
more eoneentrated solutes. 
osseous (OSS-ee-us) Pertaining to bone. 
ossifieation (OSS-ih-fih-CAY-shun) Bone 
formation; also ealled osteogenesis. See also 
endoehondral ossifieation; intramembranous 
ossifieation. 

osteoarthritis (OA) A ehronie degenerative 
joint disease eharaeterized by loss of articular 
eartilage, growth of bone spurs, and impaired 
movement; occurs to various degrees in almost 
all people with age. 

osteoblast A bone-forming eell that arises from 
an osteogenie eell, deposits bone matrix, and 
eventually beeomes an osteoeyte. 
osteoelast A maerophage of the bone surface that 
dissolves the matrix and returns minerals to the 
extracellular fluid. 

osteoeyte A mature bone eell formed when an 
osteoblast beeomes surrounded by its own matrix 
and entrapped in a lacuna. 
osteogenesis See ossifieation. 
osteon A structural unit of eompaet bone 
eonsisting of a eentral eanal surrounded by 
eoneentrie eylindrieal lamellae of matrix. 

(fig. 6.4) 

osteoporosis (OSS-tee-oh-pore-OH-sis) A 
degenerative bone disease eharaeterized by a 
loss of bone mass, inereasing susceptibility to 
spontaneous fractures, and sometimes deformity 
of the vertebral eohimn; causes include aging, 
estrogen hyposeeretion, and insufficient 
resistanee exercise. 

ovary The female gonad; produces eggs, estrogen, 
and progesterone. 
oviduct See uterine tube. 
ovulation The release of a mature ooeyte by the 
bursting of an ovarian folliele. 
ovum Any stage of the female gamete from the 
conclusion of meiosis I until fertilization; a 
primary ooeyte; an egg. 

P 

paeinian corpuscle See lamellated corpuscle. 
palate A horizontal partition between the oral and 
nasal eavities. 

palatine Pertaining to the palate, such as palatine 
bones and tonsils. 

palmar region The anterior surface (palm) of 
the hand. 

panereas A gland of the upper abdominal eavity, 
near the stomaeh, that seeretes digestive enzymes 
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and sodium biearbonate into the duodenum and 
seeretes hormones into the blood. 
panereatie islets (PAN-eree-AT-ie EYE-lets) 

Small clusters of endoerine eells in the panereas 
that seerete insulin, glucagon, somatostatin, and 
other intercellular messengers; also ealled islets 
of Langerhans. (fig. 18.9) 
papilla (pa-PILL-uh) A eonieal or nipplelike 
structure, such as a lingual papilla of the tongue 
or the papilla of a hair bulb. 
papillary (PAP-ih-lerr-ee) 1. Pertaining to or 
shaped like a nipple, such as the papillary 
muscles of the heart. 2. Having papillae, such as 
the papillary layer of the dermis. 
paramesonephrie ducts A pair of embryonie 
ducts that forms beside the mesonephrie ducts; 
they degenerate in the male; in the female, they 
form the uterine tubes, uterus, and part of the 
vagina. (fig. 26.22) 

parasympathetie nervous system (PERR-uh- 
SIM-pa-THET-ie) A division of the autonomic 
nervous system that issues efferent fibers 
through the eranial and saeral nerves and exerts 
eholinergie effeets on its target organs. (fig. 16.7) 
parathyroid glands (PERR-uh-THY-royd) Small 
endoerine glands, usually four in number, 
adhering to the posterior side of the thyroid 
gland. (fig. 18.7) 

parenehyma (pa-REN-kih-muh) The tissue that 
performs the main physiologieal functions of 
an organ, espeeially a gland, as opposed to the 
tissues (stroma) that mainly provide structural 
support. 

parietal (pa-RY-eh-tul) 1. Pertaining to a wall, 
as in the parietal eells of the gastrie glands and 
parietal bone of the skull. 2. The outer or more 
superficial layer of a two-layered membrane 
such as the pleura, perieardmm, or glomemlar 
capsule. (fig. 1.13) Compare viseeral. 
pathogen Any disease-causing mieroorganism. 
peetoral Pertaining to the ehest. 
peetoral girdle The eirele of bones that eonneet 
the upper limb to the axial skeleton; eomposed of 
the two scapulae and the two elavieles. 
pedal region The foot. 
pedieel See pediele. 

pediele (PED-ih-cul) A small footlike proeess, as 
in the vertebrae and the renal podoeytes; also 
ealled a pedieel. (fig. 7.22) 
pelvie eavity The spaee enelosed by the true 
(lesser) pelvis, eontaining the urinary bladder, 
rectum, and internal reproductive organs. 

(fig. 1.12) 

pelvie girdle A ring of three bones—the two hip 
(coxal) bones and the saemrn—that attaehes the 
lower limbs to the axial skeleton. See also pelvis. 

(fig- 8.6) 

pelvis 1. A basinlike eradle eomposed of the 
pelvie girdle and its assoeiated ligaments and 
muscles, forming the walls and floor of the lower 
abdominal and pelvie eavities. 2. A basinlike 
structure such as the renal pelvis of the kidney. 
(fig- 25.3) 

perfusion Loosely, blood flow to any tissue or 
organ. More speeifieally, the volume of blood 
reeeived by a given mass of tissue in a given unit 
of time, such as milliliters per gram per minute. 
perieardial eavity A narrow spaee between the 
parietal and viseeral layers of the pericardium, 
eontaining perieardial fluid. 
pericardium A two-layered serous membrane that 
folds around the heart. Its viseeral layer forms the 
heart surface (epicardium), and its parietal layer 
forms a fibrous perieardial sae around the heart. 
(fig- 20.4) 


perichondrium (PERR-ih-CON-dree-um) A layer 
of fibrous eonneetive tissue eovering the surface 
of hyaline or elastie eartilage. (fig. 3.19) 
perineum (PERR-ih-NEE-um) The region 

between the thighs bordered by the coccyx, pubic 
symphysis, and isehial tuberosities; eontains 
the orifiees of the urinary, reproductive, and 
digestive systems. (figs. 26.2, 26.20) 
periosteum (PERR-ee-OSS-tee-um) A layer of 
fibrous eonneetive tissue eovering the surface of 
a bone. (fig. 6.4) 

peripheral Away from the eenter of the body or of 
an organ, as in peripheral vision and peripheral 
blood vessels; opposite of eentral. 
peripheral nervous system (PNS) A subdivision 
of the nervous system eomposed of all nerves 
and ganglia; all of the nervous system except the 
eentral nervous system. Compare eentral nervous 
system. 

peristalsis (PERR-ih-STAL-sis) A wave of 
eonstrietion traveling along a tubular organ 
such as the esophagus or ureter, serving to propel 
its eontents. 

peritoneum (PERR-ih-toe-NEE-um) A serous 
membrane that lines the peritoneal eavity of the 
abdomen and eovers the mesenteries and viseera. 
perivascular (PERR-ih-VASS-cue-lur) Pertaining 
to the region surrounding a blood vessel. 
peroxisome An organelle eomposed of a unit 
membrane enelosing a mixture of enzymes; 
serves to detoxify free radieals, aleohol, and 
other drugs, and to break down fatty aeids; 
named for the hydrogen peroxide that it generates 
in the course of these aetivities. 

PET See positron emission tomography. 
phagoeytosis (FAG-oh-sy-TOE-sis) A form 
of endoeytosis in which a eell surrounds a 
foreign partiele with pseudopods and engulfs 
it, enelosing it in a eytoplasmie vesiele ealled a 
phagosome. (fig. 2.11) 

pharyngeal areh One of five pairs of bulbous 
swellings in the pharyngeal region of an embryo. 
(fig. 4.7) 

pharyngeal pouch One of six pairs of 

outpocketings of the pharynx between and 
adjaeent to the pharyngeal arehes of an embryo; 
these form gill slits in fishes and amphibians 
but in humans give rise to such structures as the 
middle-ear eavities, palatine tonsils, thymus, 
parathyroid glands, and C eells of the thyroid 
gland. (fig. 4.7) 

pharynx (FAIR-inks) A muscular passage in the 
throat at which the respiratory and digestive 
traets eross. (fig. 23.2) 

phospholipid A lipid eomposed of a hydrophilie 
head with a phosphate group and a nitrogenous 
group such as eholine, and two hydrophobie 
fatty aeid tails; espeeially important as the most 
numerous molecules of the plasma membrane 
and other unit membranes of a eell, but also 
involved in emulsification of dietary fat and as a 
eomponent of pulmonary surfactant. (fig. 2.7) 
photoreeeptor Any eell or organ speeialized to 
absorb light and generate a nerve signal; the eye 
and its rods, eones, and some of its ganglion 
eells. 

phrenie (FREN-ie) 1. Pertaining to the diaphragm, 
as in phrenie nerve. 2. Pertaining to the mind, as 
in sehizophrenie. 

physiology 1. The functional proeesses of the 
body. 2. The study of such function. 
piloereetor A bundle of smooth muscle eells 
assoeiated with a hair folliele, responsible for 
ereetion of the hair; also ealled arreetor pili. 

(fig. 5.6) 


pineal gland (PIN-ee-ul) A small eonieal 
endoerine gland arising from the roof of the 
third ventriele of the brain; produces melatonin 
and serotonin and may be involved in mood and 
timing the onset of puberty. (fig. 15.2) 
pinoeytosis A form of endoeytosis in which the 
plasma membrane sinks in and internalizes a 
droplet of extracellular fluid in a pinoeytotie 
vesiele. (fig. 2.11) 

pituitary gland (pih-TOO-ih-terr-ee) An 
endoerine gland suspended from the 
hypothalamus and housed in the sella turcica of 
the sphenoid bone; seeretes numerous hormones, 
most of which regulate the aetivities of other 
glands. (fig. 18.2) 

plaeenta (pla-SEN-tuh) A thiek diseoid organ 
on the wall of the pregnant uterus, eomposed 
of a eombination of maternal and fetal tissues, 
serving multiple functions in pregnaney 
including gas, nutrient, and waste exchange 
between mother and fetus. (fig. 4.10) 
plantar (PLAN-tur) Pertaining to the sole of the 
foot. 

plantar flexion A movement of the ankle that 
points the toes downward, as in pressing on 
the gas pedal of a ear or standing on tiptoes. 

(fig. 9.17) 

plaque A small seale or plate of matter, 
such as dental plaque, the fatty plaques of 
atheroselerosis, and the amyloid plaques of 
Alzheimer disease. 

plasma The noncellular portion of the blood. 
plasma eell A eonneetive tissue eell that 

differentiates from a B lymphoeyte and seeretes 
antibodies. (fig. 22.16) 

plasma membrane The unit membrane that 
eneloses a eell and eontrols the traffie of 
molecules into and out of it. (fig. 2.6) 
platelet A formed element of the blood 
derived from the peripheral eytoplasm of a 
megakaryoeyte, known espeeially for its roles in 
stopping bleeding but also serves in dissolving 
blood elots, stimulating inflammation, and 
promoting tissue growth. (fig. 19.9) 
pleura (PLOOR-uh) A two-layered serous 

membrane that folds around the lung. Its viseeral 
layer forms the lung surface, and its parietal layer 
lines the inside of the rib eage. (fig. 23.12) 
pleural eavity A narrow spaee between the 
parietal and viseeral layers of the pleura, 
eontaining pleural fluid. (fig. 23.12) 
plexus A network of blood vessels, lymphatie 
vessels, or nerves, such as a ehoroid plexus 
of the brain or the braehial plexus of nerves. 

(fig. 14.14) 

pluripotent Pertaining to an embryonie stem 
eell from the morula that is eapable of 
producing any type of embryonie or adult eell. 
More loosely, deseribing eertain adult stem 
eells with an espeeially broad developmental 
potential, able to produce a wide variety of 
differentiated eell types. See also pluripotent 
stem eell. 

pluripotent stem eell (PPSC) A stem eell of the 
bone marrow that ean produce any of the formed 
elements of blood. 
pollex The thumb. 

pons The seetion of the brainstem between the 
midbrain and medulla oblongata. 
popliteal (po-LIT-ee-ul) Pertaining to the posterior 
aspeet of the knee. 

portal system A circulatory pathway in which 
blood passes through two eapillary beds in 
series in a single trip from the heart and baek. 
(fig. 21.12) 




Glossary 


G-13 


positron emission tomography (PET) A method 
of producing a computerized image of the 
physiologieal state of a tissue using injeeted 
radioisotopes that emit positrons. (fig. 1.3) 
posterior 1. Pertaining to the baek aspeet of the 
human body; also ealled dorsal, espeeially 
in embryos. 2. Pertaining to the tail end of 
nonhuman animals. 

posterior nasal aperture The opening at the 
posterior limit of eaeh nasal fossa, where air 
from the nasal eavity enters the pharynx; also 
ealled a ehoana or posterior naris. (fig. 23.2) 
posterior root A braneh of a spinal nerve that 
joins the spinal eord on its posterior side, 
eomposed of sensory nerve fibers; also ealled the 
dorsal root. (fig. 14.10) 
posterior root ganglion A swelling in the 

posterior root of a spinal nerve, near the spinal 
eord, eontaining the neurosomas of the afferent 
neurons of the nerve; also ealled the dorsal root 
ganglion. (fig. 14.10) 

postganglionie Pertaining to a neuron that 

transmits signals from a ganglion to a more distal 
target organ. (fig. 16.2) 

postsynaptie Pertaining to a neuron or other eell 
that reeeives signals from the presynaptie neuron 
at a synapse. (fig. 13.10) 
potential spaee An anatomieal spaee that is 
usually obliterated by eontaet between two 
membranes but opens up if air, fluid, or other 
matter eomes between them. Examples include 
the pleural eavity and the lumen of the uterus. 
preembryo A developing human that has not yet 
formed eetoderm, mesoderm, and endoderm; 
when those germ layers have formed, the 
individual is regarded as an embryo. Compare 
conceptus; embryo. 

preembryonie stage Any stage of prenatal 

development from fertilization through 16 days, 
when the primary germ layers exist and the 
embryonie stage begins. 

preganglionie Pertaining to a neuron that transmits 
signals from the eentral nervous system to a 
ganglion. (fig. 16.2) 

prepuce A fold of tissue over the glans of 
the penis or elitoris; the penile foreskin or 
elitoral hood. 

presynaptie Pertaining to a neuron that transmits 
signals to a synapse. (fig. 13.10) 
presynaptie terminal The swollen tip at the distal 
end of an axon; the site of synaptie vesieles and 
neurotransmitter release. (fig. 13.11) 
prime mover The muscle primarily responsible for 
a given joint aetion; agonist. 
proeess An outgrowth of bone or other tissue, such 
as the mastoid proeess of the skull. 
programmed eell death (PCD) See apoptosis. 
projeetion pathway The route taken by nerve 
signals from their point of origin (such as a sense 
organ) to their point of termination (such as the 
primary sensory cortex). (fig. 17.15) 
pronation A rotational movement of the forearm 
that turns the palm downward or posteriorly. 

(fig- 9.13) 

prone A position in which the body is lying faee 
down. 

proprioeeption (PRO-pree-oh-SEP-shun) The 
nonvisual pereeption, usually subconscious, 
of the position and movements of the body, 
resulting from input from proprioeeptors and the 
vestibular apparatus of the inner ear. 
proprioeeptor (PRO-pree-oh-SEP-tur) A sensory 
reeeptor of the muscles, tendons, and joint 
capsules that deteets muscle eontraetions and 
joint movements. 


prostate gland (PROSS-tate) A male reproductive 
gland that eneireles the urethra immediately 
inferior to the bladder and contributes to the 
semen. (fig. 26.1) 

protein A polypeptide of 50 amino aeids or more. 
proteoglyean A protein-earbohydrate complex 
in which the earbohydrate is dominant; forms a 
gel that binds eells and tissues together, fills the 
umbilical eord and eye, lubricates the joints, and 
forms the rubbery texture of eartilage. Formerly 
ealled m n e op o lysa eeh aride. 
protraetion Forward movement of a body part 
in the horizontal plane, such as moving the 
mandible forward in preparation to take a bite 
from an apple. (fig. 9.15) 
protuberance A bony outgrowth or protruding 
part, such as the mental protuberance of the 
mandible. 

proximal Relatively near a point of origin or 

attaehment; for example, the shoulder is proximal 
to the elbow. Compare distal. 
pseudopod (SOO-doe-pod) A temporary 
eytoplasmie extension of a eell used for 
loeomotion (ameboid movement) and 
phagoeytosis. 

pseudostratified columnar epithelium An 

epithelium in which every eell eontaets the 
basement membrane, but not all of them reaeh 
the free surface, thus giving an appearanee of 
stratifieation. (fig. 3.7) 

pubic Concerning the region of the genitalia. See 
also hypogastrie. 
pudendum See vulva. 
pulmonary Pertaining to the lungs. 
pulmonary circuit A route of blood flow that 
supplies blood to the pulmonary alveoli for gas 
exchange and then returns it to the heart; all 
blood vessels between the right ventriele and the 
left atrium of the heart. (fig. 21.13) 


R 

radiography The use of X-rays to form an image 
of the interior of the body. (fig. 1.3) 
radiology The braneh of medieine eoneerned with 
producing images of the interior of the body, 
using such methods as X-rays, sonography, MRI, 
CT, and PET. 

ramus (RAY-mus) An anatomieal braneh, as in a 
nerve or in the pubis. 

reeeptive field An area of the environment or of 
an epithelial surface from which a given neuron 
reeeives sensory information. (fig. 17.2) 
reeeptor 1. A eell or organ speeialized to deteet 
a stimulus, such as a taste eell or the eye. 

2. A protein molecule that binds and responds to 
a ehemieal such as a hormone, neurotransmitter, 
or odor molecule. 

reeeptor-mediated endoeytosis A mode of 

vesicular transport in which eell surface reeeptors 
bind a speeifie molecule in the extracellular 
fluid, then cluster together to be internalized by 
the eell. (fig. 2.11) 

rectus Straight; used in muscle names such as 
reetns femoris and reetns abdominis. 
refleeted Folded baek or away from something, 
often to expose another structure in anatomieal 
demonstrations. (fig. 9.24) 
reflex A stereotyped, automatic, involuntary 

response to a stimulus; includes somatie reflexes, 
in which the effeetors are skeletal muscles, 
and viseeral (autonomic) reflexes, in which the 
effeetors are usually viseeral muscle, eardiae 
muscle, or glands. 


reflex are A simple neural pathway that mediates 
a reflex; involves a reeeptor, an afferent nerve 
fiber, sometimes one or more interneurons, an 
efferent nerve fiber, and an effeetor. (fig. 14.19) 
regeneration Replaeement of damaged tissue 
with new tissue of the original type. Compare 
fibrosis. 

renal (REE-nul) Pertaining to the kidney. 
renal tubule A urine-forming duct that eonverts 
glomerular filtrate to urine by proeesses of 
reabsorption and seeretion of water and solutes. 
Consists of the proximal convoluted tubule, 
nephron loop, and distal convoluted tubule of 
an individual nephron, plus a eolleeting duct 
and papillary duct shared by rmiltiple nephrons. 
(fig. 25.6) Compare nephron. 
renin An enzyme produced by the kidney that 
eonverts angiotensinogen to angiotensin I, 
the first step in producing the vasoeonstrietor 
angiotensin II. 

reproductive system An organ system speeialized 
for the production of offspring. 
resistanee 1. Opposition to the flow of fluid, 
such as blood in a vessel or air in a bronehiole. 

2. Opposition to the movement of a joint; 
the load against which a muscle works. 3. A 
nonspeeifie ability to ward off an infeetion or 
disease, as opposed to the pathogen-speeifie 
defense provided by immunity. 
respiratory system An organ system speeialized 
for the intake of air and exchange of gases with 
the blood, eonsisting of the lungs and the air 
passages from the nose to the bronehi. 
reticular eell (reh-TIC-you-lur) A delieate, 

branehing eell in the reticular eonneetive tissue 
of the lymphatie organs. 

reticular fiber A fine, branehing eollagen fiber 
eoated with glyeoprotein, found in the stroma 
of lymphatie organs and some other tissues and 
organs. 

reticular tissue A eonneetive tissue eomposed of 
reticular eells and reticular fibers, found in bone 
marrow, lymphatie organs, and in lesser amounts 
elsewhere. (fig. 3.15) 

retraetion Movement of a body part posteriorly 
on the horizontal plane; for example, retraeting 
the mandible to grind food between the molars. 
(fig.9.15) 

retroperitoneal Loeated between the peritoneum 
and body wall, rather than in the peritoneal 
eavity; deseriptive of eertain abdominal viseera 
such as the kidneys, ureters, and panereas. 

(fig. 1.14) Compare intraperitoneal. 
ribosome A granule found free in the eytoplasm or 
attaehed to the rough endoplasmie reticulum and 
nuclear envelope, eomposed of ribosomal RNA 
and enzymes; speeialized to read the mieleotide 
sequence of messenger RNA and assemble a 
eorresponding sequence of amino aeids to make 
a protein. 

risk faetor Any environmental faetor or 

eharaeteristie of an individual that inereases 
one’s ehanee of developing a particular disease; 
includes such intrinsie faetors as age, sex, and 
raee and such extrinsic faetors as diet, smoking, 
and occupation. 

root 1. Part of an organ that is embedded in 
other tissue and therefore not externally visible, 
such as the root of a tooth, a hair, or the penis. 
Compare shaft. 2. The proximal end of a spinal 
nerve, adjaeent to the spinal eord. 
rostral Relatively elose to the forehead, espeeially 
in referenee to structures of the brain and spinal 
eord; for example, the frontal lobe is rostral to 
the parietal lobe. Compare caudal. 
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rotation Movement of a body part such as the 
humerus or forearm around its longitudinal axis. 
(fig.9.14) 

rough endoplasmie reticulum Regions of 
endoplasmie reticulum eharaeterized by 
flattened, parallel eisternae externally studded 
with ribosomes; involved in making proteins for 
export from the eell, among other functions. See 
also endoplasmie reticulum; smooth endoplasmie 
reticulum. (fig. 2.19) 

ruga (ROO-ga) 1. An internal fold or wrinkle 
in the mucosa of a hollow organ such as the 
stomaeh and urinary bladder; typieally present 
when the organ is empty and relaxed but not 
when the organ is full and stretehed. 2. A tissue 
ridge in such loeations as the hard palate and 
vagina. (fig. 24.11) 

s 

sagittal plane (SADJ-ih-tul) Any plane that 
extends from anterior to posterior and eephalie 
to caudal, and divides the body into right and left 
portions. (fig. 1.8) Compare median plane. 
sareomere (SAR-eo-meer) In skeletal and eardiae 
muscle, the portion of a myofibril from one Z 
dise to the next, constituting one eontraetile unit. 
(fig. 10.10) 

sareoplasmie reticulum (SR) The smooth 

endoplasmie reticulum of a muscle eell, serving 
as a calcium reservoir. (fig. 10.8) 
satellite eell 1. A type of glial eell found 

surrounding the somas of neurons in ganglia of 
the peripheral nervous system. 2. Stem eells of 
skeletal muscle that ean multiply in response to 
muscle injury and contribute to some extent to 
regeneration of muscle fibers. 
seanning eleetron mieroseope (SEM) A 
mieroseope that uses an eleetron beam in 
plaee of light to form high-resolution, three- 
dimensional images of the surfaces of objeets; 
eapable of much higher magnifieations than a 
light mieroseope. Compare transmission eleetron 
mieroseope. 

Schwann eell A glial eell that forms the 

neurilemma around all peripheral nerve fibers 
and the myelin sheath around many of them; also 
eneloses neuromuscular junctions; also ealled a 
nenrilemmoeyte. (fig. 13.4) 
selerosis (seleh-RO-sis) Hardening or stiffening of 
a tissue, usually with sear tissue, as in multiple 
selerosis of the eentral nervous system and 
atheroselerosis of the blood vessels. 
selerotome A group of mesodermal eells that arise 
from a somite in the fourth week of development 
and give rise to a segment of the vertebral 
column. Compare dermatome; myotome. 
sebaceous gland A holoerine gland that is usually 
assoeiated with a hair folliele and produces an 
oily seeretion, sebum. (fig. 5.10) 
sebum (SEE-bum) An oily seeretion of the 
sebaceous glands that keeps the skin and 
hair pliable. 

seeondary sex eharaeteristie Any feature that 
develops at puberty, further distinguishes the 
sexes from eaeh other, and is not required 
for reproduction but promotes attraetion 
between the sexes; examples include the 
distribution of subcutaneous fat, piteh of the 
voiee, female breasts, male faeial hair, and 
apoerine seent glands. 
seeondary sex organ An organ other than 
the ovaries and testes that is essential to 
reproduction, such as the external genitalia, 


internal genital ducts, and aeeessory reproductive 
glands. 

seeond-order neuron An interneuron that reeeives 
sensory signals from a first-order neuron and 
relays them to a more rostral destination in the 
eentral nervous system (usually the thalamus). 
(fig. 14.4) See also first-order neuron; third-order 
neuron. 

seeretion 1 . A ehemieal released by a eell to serve 
a physiologieal function, such as a hormone or 
digestive enzyme, as opposed to a waste product. 
2. The proeess of releasing such a ehemieal, 
usually by exocytosis. Compare excretion. 
seeretory vesiele An organelle that arises from the 
Golgi complex and earries a seeretion to the eell 
surface to be released by exocytosis. 
seetion See histologieal seetion. 
seleetion pressure A foree of nature that favors 
the reproduction of some individuals over others 
and thus drives the evolutionary proeess; includes 
elimate, predators, diseases, eompetition, and food 
supply. Human anatomy and physiology refleet 
adaptations to seleetion pressures encountered in 
the evohitionary history of the speeies. 

SEM 1 . Seanning eleetron mieroseope. 

2. Seanning eleetron mierograph, a photograph 
taken with the seanning eleetron mieroseope. 
Compare TEM. 

semen The fluid ejaculated by a male, including 
spermatozoa and the seeretions of the prostate 
gland and seminal vesieles. 
semicircular duct A ring-shaped, fluid-filled tube 
of the inner ear that deteets angular aeeeleration 
of the head; enelosed in a bony passage 
ealled the semicircular eanal. There are three 
semicircular ducts in eaeh ear. (fig. 17.11) 
semilunar valve A valve that eonsists of ereseent- 
shaped cusps, including the aortie and pulmonary 
valves of the heart and valves of the veins and 
lymphatie vessels. (fig. 20.7) 
sense organ Any organ that is speeialized to 
respond to stirmili and generate a meaningful 
pattern of nerve signals; may be mieroseopie 
and simple, such as a taetile corpuscle, or 
maeroseopie and complex, such as the eye or ear; 
may respond to stimuli arising within the body or 
from external sources. 

sensory neuron A nerve eell that responds to 
a stimulus and conducts signals to the eentral 
nervous system; also ealled an afferent neuron. 
The axon of a sensory neuron is an afferent 
nerve fiber. 

septrnn An anatomieal wall between two structures 
or spaees, such as the nasal septum or the 
interventricular septum of the heart. 
serosa See serous membrane. 
serous fluid (SEER-us) A watery fluid similar to 
blood semm, formed as a filtrate of the blood 
or tissue fluid or as a seeretion of serous gland 
eells; moistens the serous membranes. 
serous gland A gland that seeretes a relatively 
nonviscous product, such as the panereas or a 
tear gland. Compare mucous gland. 
serous membrane A membrane such as the 
peritoneum, pleura, or pericardium that lines a 
body eavity or eovers the external surfaces of 
the viseera; eomposed of a simple squamous 
mesothelium and a thin layer of areolar 
eonneetive tissue. (fig. 3.32) 

Sertoli eell See sustentacular eell. 
serum 1 . The fluid that remains after blood 
has elotted and the solids have been removed; 
essentially the same as blood plasma except 
for a laek of fibrinogen. Used as a vehiele for 
vaeeines. 2. Serous fluid. 


sex ehromosomes The X and Y ehromosomes, 
which determine the sex of an individual. 
shaft 1 . The midpart, or diaphysis, of a long bone. 
2. The external, eylindrieal part of an organ such 
as a hair or the penis. Compare root. 
short bone A bone that is not markedly longer 
than it is wide, such as the bones of the wrist 
and ankle. 

sign An objeetive indieation of disease that ean be 
verified by any observor, such as eyanosis or a 
skin lesion. Compare symptom. 
simple eohimnar epithelium An epithelium 
eomposed of a single layer of eells that are 
notieeably taller than they are wide. (fig. 3.6) 
simple cuboidal epithelium An epithelmm 

eomposed of a single layer of eells that are about 
equal in height and width; often, but not always, 
the eells appear squarish in tissue seetions. 

(fig. 3.5) 

simple diffusion Net movement of partieles 
from a plaee of high eoneentration to a plaee 
of low eoneentration (down their eoneentration 
gradient), resulting from their own spontaneous 
motion; may or may not involve passage through 
a eell membrane or other membranes such as 
dialysis tubing. 

simple squamous epithelium An epithelium 
eomposed of a single layer of thin, flat eells. 

(fig. 3.4) 

sinoatrial (SA) node A mass of autorhythmic 
eells near the surface of the right atrium of the 
heart that serves as the paeemaker of the eardiae 
rhythm. 

sinus 1. An air-filled spaee in the cranium. 

(fig. 7.8) 2. A modified, relatively dilated vein 
that laeks smooth muscle and is ineapable of 
vasomotion, such as the dural sinuses of the 
eerebral circulation and eoronary sinus of the 
heart. 3. A small fluid-filled spaee in an organ 
such as the lymph nodes. 4. Pertaining to the 
sinoatrial node of the heart, as in sinus rhythm. 
simisoid An irregularly shaped, blood-filled 
spaee in a tissue, with wide gaps between 
the endothelial eells; found in the liver, bone 
marrow, spleen, and some other organs. 

(fig- 22.9) 

skeletal muscle Striated voluntary muscle, almost 
all of which is attaehed to the bones. (fig. 10.1) 
skeletal system An organ system eonsisting of 
the bones, ligaments, bone marrow, periosteum, 
articular eartilages, and other tissues assoeiated 
with the bones. 

smear A tissue prepared for mieroseopie study by 
wiping it aeross a slide, rather than by seetioning; 
for example, blood, bone marrow, spinal eord, 
and Pap smears. 

smooth endoplasmie reticulum Regions of 
endoplasmie reticulum eharaeterized by 
tubular, branehing eisternae laeking ribosomes; 
involved in detoxification, steroid synthesis, 
and in muscle, storage of calcium ions. See also 
endoplasmie reticulum; rough endoplasmie 
reticulum. (fig. 2.19) 

smooth muscle Nonstriated involuntary muscle 
found in the walls of the blood vessels, many of 
the viseera, and other plaees. (fig. 3.27) 
sodium-potassium pump An aetive transport 
protein, which, in eaeh eyele of aetivity, pumps 
three sodium ions out of a eell and two potassium 
ions into the eell, with the expenditure of one ATP. 
soma See eell body. 

somatie 1 . Pertaining to the body as a whole. 

2. Pertaining to the skin, bones, and skeletal 
muscles as opposed to the viseera. 3. Pertaining 
to all eells other than germ eells. 
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somatie motor fiber A nerve fiber that innervates 
skeletal muscle and stimulates its eontraetion, as 
opposed to autonomic fibers. 
somatie nervous system A division of the 
nervous system that inehides afferent fibers 
mainly from the skin, muscles, and skeleton and 
efferent fibers to the skeletal muscles. Compare 
autonomic nervous system. 
somatosensory 1. Pertaining to widely distributed 
general senses in the skin, muscles, tendons, 
joint capsules, and viseera, as opposed to the 
speeial senses found in the head only; also ealled 
somesthetie. 2. Pertaining to the eerebral cortex 
of the posteentral gyrns, which reeeives input 
from such reeeptors. See also general senses; 
speeial senses. 

somatotopy A point-for-point eorrespondenee 
between the loeations where stimuli arise and 
loeations in the brain or spinal eord to which 
the sensory signals projeet, thus producing 
in the CNS a sensory “map” of part of the body. 
(fig. 15.18) 

somesthetie See somatosensory. 
somite One of the segmental bloeks of embryonie 
mesoderm that begin to appear around day 20 
and eventually number up to 44 pairs; a somite 
subdivides into three tissue masses—dermatome, 
myotome, and selerotome, which give rise 
to eertain aspeets of the skin, rmiseles, and 
vertebrae. See also dermatome; myotome; 
selerotome. (fig. 4.11) 

sonography Production of an image of the interior 
of the body by means of ultrasound. (fig. 1.4) 
speeial senses The senses of taste, smell, hearing, 
equilibrium, and vision, mediated by sense 
organs that are eonfined to the head and in most 
eases are relatively complex in structure. See also 
general senses. 

sperm 1. A spermatozoon. 2. The fluid ejaculated 
by the male; semen. Contains spermatozoa and 
glandular seeretions. 

spermatogenesis (SPUR-ma-toe-JEN-eh-sis) 

The production of sperm eells through a series 
of mitotie and meiotie eell divisions; male 
gametogenesis. 

spermatozoon (SPUR-ma-toe-ZOE-on) A sperm 
eell; the male gamete. (fig. 26.8) 
sphineter (SFINK-tur) A ring of muscle that opens 
or eloses an opening or passageway; found, 
for example, in the eyelids, around the urinary 
orifiee, and at the junction of the stomaeh and 
duodenum. (fig. 24.11) 
spinal column See vertebral column. 
spinal eord The nerve eord that passes through the 
vertebral column and constitutes all of the eentral 
nervous system except the brain. 
spinal nerve Any of the 31 pairs of nerves that 
arise from the spinal eord and pass through the 
intervertebral foramina. (fig. 14.10) 
spindle 1. An elongated structure that is thiek in 
the middle and tapered at the ends (fusiform). 

2. A football-shaped complex of microtubules 
that guide the movement of ehromosomes in 
mitosis and meiosis. (fig. 2.23) 3. A streteh 
reeeptor in the skeletal muscles. (fig. 17.1) 
spine 1. The vertebral column. 2. A pointed 
proeess or sharp ridge on a bone, such as the 
styloid proeess of the eranmrn and spine of the 
scapula. (fig. 8.2) 

spinothalamie traet A bundle of nerve fibers that 
aseend the spinal eord and brainstem and earry 
signals to the thalamus for light touch, tiekle, 
iteh, heat, eold, pain, and pressure. (fig. 14.4) 
splanehnie (SPLANK-nie) Pertaining to the 
digestive traet. 


spongy bone A form of osseous tissue found in 
the interiors of flat, irregular, and short bones 
and the epiphyses of long bones, with a matrix 
that forms a porous network of plates and bars, 
enelosing eonneeted ehannels filled with bone 
marrow; also ealled eaneellons hone. Compare 
eompaet bone. (fig. 6.4) 
squamous Flat, sealelike, as in the surface 
epithelial eells of the epidermis and serous 
membranes. (figs. 2.3, 3.12) 
stain A pigment applied to tissues to eolor and 
enhanee the eontrast between their nuclei, 
eytoplasm, extracellular material, and other 
tissue eomponents. 

stem eell Any undifferentiated eell that ean divide 
and differentiate into more functionally speeifie 
eell types such as blood eells and germ eells. 
stenosis The pathologieal eonstrietion or 

narrowing of a tubular passageway or orifiee of 
the body, such as the esophagus, uterine tube, or 
a valve orifiee of the heart. 
stereocilium An unusually long, sometimes 
branehed microvillus laeking the axoneme 
and motility of a true cilium; serves such roles 
as absorption in the epididymis and sensory 
transduction in the inner ear. 
sternal Pertaining to the breastbone or stermim, or 
the overlying region of the ehest. 
stimulus A ehemieal or physieal agent in a 
eell’s surroundings that is eapable of ereating 
a physiologieal response in the eell, espeeially 
agents deteeted by sensory eells, such as 
ehemieals, light, and pressure. 
strain The extent to which a bone or other 

structure is deformed when subjected to stress. 
Compare stress. 

stratified 1. Layered. 2. A elass of epithelia in 
which there are two or more eell layers, with 
some eells resting atop others rather than 
eontaeting the basement membrane. 
stratified cuboidal epithelium An epithelium 
eomposed of two or more layers of eells in which 
the eells at the surface are about equal in height 
and width. (fig. 3.10) 

stratified squamous epithelium An epithelium 
eomposed of two or more layers of eells in which 
the eells at the surface are flat and thin. (fig. 3.9) 
stratum Any layer of tissue, such as the stratum 
corneum of the skin or stratum basalis of the 
uterus. 

stratum corneum The surface layer of dead 
keratinoeytes of the skin. (fig. 5.1) 
stress 1. A meehanieal foree applied to any part of 
the body; important in stimulating bone growth, 
for example. Compare strain. 2. A eondition 
in which any environmental influence disturbs 
the homeostatie equilibrium of the body and 
stinmlates a physiologieal response, espeeially 
involving the inereased seeretion of hormones of 
the pituitary-adrenal axis. 

striated muscle Muscular tissue in which the eells 
exhibit striations; skeletal and eardiae nrnsele. 

See also striations. 

striations Alternating light and dark bands 
in skeletal and eardiae muscle produced by 
the pattern of overlapping myofilaments. 

(fig- 10.1) 

stroma The eonneetive tissue framework of a 
gland, lymphatie organ, or eertain other viseera, 
as opposed to the tissue (parenehyma) that 
performs the physiologieal functions of the 
organ. 

subcutaneous Beneath the skin. 
submucosa A layer of loose eonneetive tissue deep 
to the mucosa of an organ. (fig. 24.2) 


submucosal plexus A plexus of parasympathetie 
neurons in the submucosa of the digestive traet, 
responsible for eontrolling glandular seeretion 
by the mucosa and movements of the muscularis 
mucosae. 

sulcus A groove in the surface of an organ, as in 
the eerebram, the heart, or a bone. (fig. 15.1) 
superficial Relatively elose to the surface; 
opposite of deep. For example, the ribs are 
superficial to the lungs. 

superior Higher than another structure or point 
of referenee from the perspeetive of anatomieal 
position; for example, the lungs are superior to 
the diaphragm. 

supination (SOO-pih-NAY-shun) A rotational 
movement of the forearm that turns the palm so 
that it faees upward or forward. (fig. 9.13) 
supine A position in which the body is lying 
faee up. 

suprarenal Pertaining to the adrenal (suprarenal) 
glands, as in snprarenal artery. 
surfactant A ehemieal that interferes with the 
formation of hydrogen bonds between water 
molecules, and thus reduces the eohesion of 
water; in the lung, a mixture of phospholipid and 
protein that prevents the alveoli from eollapsing 
during expiration. 

sustentacular eell 1. A eell in the wall of a 
seminiferous tubule of the testis that supports 
and proteets the germ eells and seeretes the 
hormone inhibin; also ealled a Sertoli eell. 

(fig. 26.6) 2. In many epithelia, such as taste 
buds and olfaetory mucosa, any eell that 
supports and spaees the primary functional 
eells of the tissue; also ealled a supporting eell. 

(fig. 17.5) 

suture A line along which any two bones of the 
skull are immovably joined, such as the eoronal 
suture between the frontal and parietal bones. 
(fig- 7.6) 

sympathetie nervous system A division of the 
autonomic nervous system that issues efferent 
fibers through the thoraeie and lumbar nerves 
and usually exerts adrenergie effeets on its target 
organs; includes a ehain of paravertebral ganglia 
adjaeent to the vertebral column, and the adrenal 
medulla. (fig. 16.4) 

symphysis (SIM-fih-sis) A joint in which two 
bones are held together by fibroeartilage; for 
example, between bodies of the vertebrae 
and between the right and left pubic bones. 

(fig. 8.6) 

symptom A subjective indieation of disease 
that ean be felt by the person who is ill but not 
objeetively observed by another person, such as 
nausea or headaehe. Compare sign. 
synapse (SIN-aps) 1. A junction at the end of an 
axon where it stimulates another eell. (fig. 13.11) 
2. A gap junction between two eardiae or 
smooth muscle eells at which one eell 
eleetrieally stimulates the other; ealled an 
eleetrieal synapse. 

synaptie eleft A narrow spaee between the 

presynaptie terminal of an axon and the adjaeent 
eell, aeross which a neurotransmitter diffuses. 

(fig-13.11) 

synaptie vesiele A spheroidal organelle in a 
presynaptie terminal; eontains neurotransmitter. 

(fig. 13.11) 

syndrome A group of signs and symptoms that 
occur together and eharaeterize a particular 
disease. 

synergist (SIN-ur-jist) A muscle that works with 
the agonist to contribute to the same overall 
aetion at a joint. 
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synovial fluid (sih-NO-vee-ul) A lubricating fluid 
similar to egg white in eonsisteney, found in the 
synovial joint eavities and bursae. 
synovial joint A point where two bones are 

separated by a narrow, encapsulated spaee filled 
with lubricating synovial fluid; most such joints 
are relatively mobile. Also ealled a diarthrosis. 

(fig. 9.4) 

systemie Widespread or pertaining to the body as a 
whole, as in systemie eirenlation. 
systemie circuit All blood vessels that eonvey 
blood from the left ventriele to all organs of the 
body and baek to the right atrium of the heart; all 
of the cardiovascular system except the heart and 
pulmonary circuit. (fig. 20.1) 


T 

TA See Terminologia Anatomiea. 
taetile Pertaining to the sense of touch. 
tail 1. A slender proeess at one end of an organ, 
such as the tail of the panereas or epididymis. 
(fig. 24.19) 2. In vertebrate animals, an 
appendage that extends beyond the anus and 
eontains part of the vertebral column; in humans, 
limited to the embryo. (fig. 4.11) 
target eell A eell aeted upon by a nerve fiber or by 
a ehemieal messenger such as a hormone. 
tarsal 1. Pertaining to the ankle. 2. Pertaining to 
the margin of the eyelid. 

TEM 1. Transmission eleetron mieroseope. 

2. Transmission eleetron mierograph, a 
photograph taken with the transmission eleetron 
mieroseope. Compare SEM. 
temporal 1. Pertaining to time, as in temporal 
summation in neurons. 2. Pertaining to the side 
of the head, as in temporal bone. 
tendinous eords Fibers that extend from the 
papillary muscles to the atrioventricular 
valve cusps in eaeh ventriele of the heart, 
and serve to keep the valves from prolapsing 
during ventricular systole; also ealled ehordae 
tendineae. (fig. 20.7) 

tendon A collagenous band or eord assoeiated 
with a muscle, usually attaehing it to a bone 
and transferring muscular tension to it. See also 
aponeurosis. 

teratogen Any agent eapable of causing birth 
defeets, including ehemieals, infectious 
mieroorganisms, and radiation. 
teres (TERR-eez) Round, eylindrieal; used in the 
names of muscles and ligaments such as teres 
major and ligamentnm teres. 

Terminologia Anatomiea A eode of standard 
anatomieal terms developed by an international 
eommittee of anatomists, the Federative 
Committee on Anatomieal Terminology, and 
published in 1998; provides a worldwide 
standard for naming human structures. 
testis The male gonad; produces spermatozoa and 
testosterone. 

thalamus (THAL-uh-muss) The largest part of the 
dieneephalon, loeated immediately inferior to 
the corpus callosum and bulging into eaeh lateral 
ventriele; a point of synaptie relay of nearly all 
signals passing from lower levels of the CNS to 
the eerebmm. (fig. 15.11) 
theory An explanatory statement, or set of 
statements, that eoneisely summarizes the 
state of knowledge on a phenomenon and 
provides direetion for further study; for example, 
the fhiid-mosaie theory of the plasma membrane 
and the sliding filament theory of muscle 
eontraetion. 


thermoreeeptor A neuron speeialized to respond 
to heat or eold, found in the skin and mucous 
membranes, for example. 

third-order neuron An interneuron of the brain 
that reeeives sensory signals from a seeond-order 
neuron (often at the thalamus) and usually relays 
them to their final destination in the primary 
sensory cortex of the brain; in a few eases, a 
fourth-order neuron eompletes the pathway. 

(fig. 14.4) See also first-order neuron; seeond- 
order neuron. 

thoraeie Pertaining to the ehest. 
thorax A region of the trunk between the neek and 
the diaphragm; the ehest. 
thymus A lymphatie organ in the mediastinum 
superior to the heart; the site where T 
lymphoeytes differentiate and beeome 
immunocompetent. (fig. 18.5) 
thyroid eartilage A large shieldlike eartilage that 
eneloses the larynx anteriorly and laterally and 
provides an anterior anehorage for the voeal 
eords and insertion for the infrahyoid muscles. 
(fig- 23.4) 

thyroid gland An endoerine gland in the neek, 
partially eneireling the traehea immediately 
inferior to the larynx. (fig. 18.6) 
tight junction A zipperlike junction between 
epithelial eells that limits the passage of 
substances between them. (fig. 2.15) 
tissue An aggregation of eells and extracellular 
materials, usually forming part of an organ and 
performing some diserete function for it; the 
four primary elasses are epithelial, eonneetive, 
muscular, and nervous tissue. 
tissue gel The viscous eolloid that forms the 
ground substance of many tissues; gets its 
eonsisteney from hyaluronic aeid or other 
glyeosaminoglyeans. 

T lymphoeyte A type of lymphoeyte involved 
in nonspeeifie defense, humoral immunity, 
and cellular immunity; occurs in several forms 
including helper, cytotoxic, and suppressor 
T eells; also ealled a T eell. 
trabecula (tra-BEC-you-la) A thin plate or sheet of 
tissue, such as the ealeified trabeculae of spongy 
bone or the fibrous trabeculae that subdivide a 
gland. (fig. 6.4) 

traehea (TRAY-kee-uh) A cartilage-supported 
tube from the inferior end of the larynx to the 
origin of the primary bronehi; eonveys air to and 
from the hmgs; the “windpipe.” 
traet 1. In the eentral nervous system, a bundle of 
nerve fibers with a similar origin, destination, 
and function, such as the eortieospinal traets of 
the spinal eord and commissural traets of the 
eerebmm. 2. A continuous anatomieal pathway 
such as the digestive traet. 
transitional epithelium A stratified epithelium 
of the urinary traet that is eapable of ehanging 
thiekness and number of eell layers from relaxed 
to stretehed states. (fig. 3.11) 
transmembrane protein A protein of the plasma 
membrane that penetrates all the way through 
the membrane and eontaets the intracellular and 
extracellular fluids. (fig. 2.8) 
transmission eleetron mieroseope (TEM) A 
mieroseope that uses an eleetron beam in 
plaee of light to form high-resolution, two- 
dimensional images of ultrathin sliees of 
eells or tissues; eapable of extremely high 
magnifieation. Compare seanning eleetron 
mieroseope. 

transport protein See earrier. 
transverse plane A plane that cuts perpendicular 
to the long axis of an organ or passes horizontally 


through a human body in anatomieal position. 

(fig. 1.8) 

transverse seetion See eross seetion. 
transverse (T) tubule A tubular extension of the 
plasma membrane of a muscle eell that conducts 
aetion potentials into the sareoplasm and excites 
the sareoplasmie reticulum. (fig. 10.8) 
trarnna Physieal injury caused by external forees 
such as falls, gunshot wounds, motor vehiele 
aeeidents, or burns. 

trisomy-21 The presenee of three eopies of 
ehromosome 21 instead of the usual two; 
causes variable degrees of mental retardation, 
a shortened life expectancy, and structural 
anomalies of the faee and hands. Also ealled 
Down syndrome. 

troehanter Either of two massive proeesses 
serving for muscle attaehment at the proximal 
end of the femur. 

trunk 1. That part of the body excluding the 
head, neek, and limbs. 2. A major blood vessel, 
lymphatie vessel, or nerve that gives rise to 
smaller branehes; for example, the pulmonary 
trnnk and spinal nerve trunks. (fig. 14.14) 

T tubule See transverse tubule. 
tubercle A rounded proeess on a bone, such as the 
greater tubercle of the humerus. 
tuberosity A rough area on a bone, such as the 
tibial or isehial tuberosity. 
tubuloacinar gland A gland in which seeretory 
eells are found in both the tubular and aeinar 
portions. (fig. 3.30) 

tunic A layer that eneireles or eneloses an organ, 
such as the tunics of a blood vessel or eyeball; 
also ealled a tunica. (fig. 21.1) 

tympanie membrane The eardmrn. 


u 

ultrastructure Structure at or near the molecular 
level, made visible by the transmission eleetron 
mieroseope. 

umbilical (um-BIL-ih-cul) 1. Pertaining to 
the eord that eonneets a fetus to the plaeenta. 

2. Pertaining to the navel (umbilicus). 
undifferentiated Pertaining to a eell or tissue 
that has not yet attained a mature functional 
form; eapable of differentiating into one or 
more speeialized functional eells or tissues; for 
example, stem eells and embryonie tissues. 
unencapsulated nerve ending See free nerve 
ending. 

unipotent Pertaining to a stem eell that is eapable 
of differentiating into only one type of mature 
eell, such as a spermatogonium able to produce 
only sperm, or an epidermal basal eell able to 
produce only keratinoeytes. 
unit membrane Any cellular membrane 
eomposed of a bilayer of phospholipids and 
embedded proteins. A single unit membrane 
forms the plasma membrane and eneloses 
many organelles of a eell, whereas double 
unit membranes enelose the nucleus and 
mitoehondria. (fig. 2.6) 

unmyelinated Laeking a myelin sheath. (fig. 13.7) 
upper limb The appendage that arises from 
the shoulder, eonsisting of the brachium from 
shoulder to elbow, the antebraehmm from elbow 
to wrist, the wrist, and the hand; loosely ealled 
the arm, but that term properly refers only to the 
braehmm. 

urea The most abundant nitrogenous waste in 
urine, formed in the liver by a reaetion between 
ammonia and earbon dioxide. 
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urethra The passage that eonveys urine from the 
urinary bladder to the outside of the body; in 
males, it also eonveys semen and aets as part of 
both the urinary and reproductive traets. 
urinary system An organ system speeialized to 
filter the blood plasma, excrete waste products 
from it, and regulate the body’s water, aeid-base, 
and eleetrolyte balanee. 

urogenital (U-G) system Collective term for the 
reproductive and urinary traets; also ealled the 
genitourinary (G-U) system. 
uterine tube A duct that extends from the ovary to 
the uterus and eonveys an egg or conceptus to the 
uterus; also ealled th zfallopian tube or ovidnet. 

V 

varieose vein A vein that has beeome permanently 
distended and convoluted due to a loss of 
eompetenee of the venous valves; espeeially 
eommon in the lower limb, esophagus, and anal 
eanal (where they are ealled hemorrhoids). 
vas (vass) (plural, vasa) A vessel or duct. 
vascular Possessing or pertaining to blood vessels. 
vasoeonstrietion (VAY-zo-con-STRIC-shun) The 
narrowing of a blood vessel due to muscular 
eonstrietion of its tunica media. 
vasodilation (VAY-zo-dy-LAY-shun) The 

widening of a blood vessel due to relaxation of 
the muscle of its tunica media and the outward 
pressure of the blood exerted against the wall. 
vasomotion Any eonstrietion or dilation of a blood 
vessel. 

vein Any blood vessel that earries blood toward 
either atrium of the heart. 
ventral See anterior. 
ventral root See anterior root. 
ventriele A fluid-filled ehamber of the brain or 
heart. (figs. 15.4, 20.7) 

vemile (VEN-yool) The smallest type of vein, 
reeeiving drainage from eapillaries. 
vertebra (VUR-teh-bra) One of the bones of the 
vertebral column. 

vertebral column (VUR-teh-brul) A posterior 
series of usually 33 vertebrae; eneloses the spinal 
eord, supports the skull and thoraeie eage, and 
provides attaehment for the limbs and postural 
muscles. Also ealled the spine or spinal eolnmn. 
vesiele 1. A fluid-filled tissue sae such as the 
seminal vesiele. 2. A fluid-filled spheroidal 
organelle such as a synaptie or seeretory vesiele. 
vestibular apparatus Structures of the inner ear 
eoneerned with equilibrium and the pereeption 
of the movements and orientation of the head, 
including the semicircular ducts, utricle, and 
saccule. 

vestibule An anatomieal reeeiving ehamber; for 
example, the vestibule between the teeth and 
eheek, the spaee immediately inside the nostril, 
the spaee enelosed by the female labia majora, 
and the ehamber of the inner ear to which the 
eoehlea and semicircular ducts are attaehed. 


viseera (VISS-er-uh) (singular, visens) The organs 
eontained in the body eavities, such as the brain, 
heart, lungs, stomaeh, intestines, and kidneys. 
viseeral 1. Pertaining to the viseera. 2. The inner 
or deeper layer of a two-layered membrane 
such as the pleura, pericardium, or glomeralar 
capsule. (fig. 1.13) Compare parietal. 
viseeral muscle Single-unit smooth muscle found 
in the walls of blood vessels and the digestive, 
respiratory, urinary, and reproductive traets. 
volar Pertaining to the anterior surfaces of 
the fingers (the surfaces continuous with the 
palmar skin). 

voluntary Under conscious eontrol, as in skeletal 
muscle. 

vulva The female external genitalia; the mons 
pubis, labia majora, and all superficial structures 
between the labia majora; also ealled the 
pndendnm. (fig. 26.20) 


w 

white matter White myelinated nervous 

tissue deep to the cortex of the cerebrum and 
eerebellmn and superficial to the gray matter of 
the spinal eord. (fig. 15.4) 

X 

X ehromosome The larger of the two sex 

ehromosomes; males have one X ehromosome 
and females have two in eaeh somatie eell. 
xiphoid proeess (ZIFF-oyd, ZYE-foyd) A small 
pointed cartilaginous or bony proeess at the 
inferior end of the stermim. (fig. 7.27) 

X-ray 1. A high-energy, penetrating 

eleetromagnetie ray with wavelengths in the 
range of 0.1 to 10 nm; used in diagnosis and 
therapy. 2. A photograph made with X-rays; 
radiograph. 


Y 

Y ehromosome The smaller of the two sex 
ehromosomes, found only in males and having 
little if any genetie function except development 
of the testis. 

yolk sae An embryonie membrane that eneloses 
the yolk in vertebrates that lay eggs and serves in 
humans as the origin of the first blood and germ 
eells. (fig. 4.5) 


Z 

zygomatie areh An areh of bone anterior to the 
ear, formed by the zygomatie proeesses of the 
temporal, frontal, and zygomatie bones; origin of 
the masseter muscle. (fig. 7.5) 
zygote A single-eelled, fertilized egg. 


Key to Proniineiation Guides 

Pronounce letter sequences in the pronunciation 
guides as follows: 


ah 

as 

in father 

al 

as 

in pal 

ay 

as 

in day 

bry 

as 

in bribe 

byu 

as 

in bureau 

e 

as 

in calculus 

cue 

as 

in ridiculous 

cuh 

as 

in cousin 

cul 

as 

in bieyele 

cus 

as 

in custard 

dew 

as 

in dual 

eez 

as 

in ease 

eh 

as 

in feather 

err 

as 

in merry 

fal 

as 

in fallaey 

few 

as 

in fuse 

ih 

as 

in fit 

iss 

as 

in sister 

lerr 

as 

in lair 

lur 

as 

in learn 

ma 

as 

in man 

mah 

as 

in mama 

me 

as 

in meat 

merr 

as 

in merry 

mew 

as 

in music 

muh 

as 

in mother 

na 

as 

in eorona 

nerr 

as 

in nary 

new 

as 

in news 

nuh 

as 

in nothing 

odj 

as 

in dodger 

oe 

as 

in go 

oh 

as 

in home 

ol 

as 

in aleohol 

oll 

as 

in doll 

ose 

as 

in gross 

oss 

as 

in floss 

perr 

as 

in pair 

pcw 

as 

in pewter 

ruh 

as 

in rugby 

serr 

as 

in serration 

sterr 

as 

in stereo 

sy 

as 

in siren 

terr 

as 

in terrain 

thee 

as 

in theme 

tirr 

as 

in tyranny 

uh 

as 

in mother 
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X 



A 

A bands (striated muscle), 246, 

246-247 

ABCD mle, melanoma reeognition, 

126 
Abdomen 
anatomy, 338 
transverse seetion, 341 
Abdominal eavity, 341 
serous membranes, 17, 79 
Abdominal region, 13, 15-16, 
15-16, 335-338 
arteries, 584-586, 584í-587í 
vein(s), 588-589, 588í-589í 
Abdominopelvie eavity, 17-18 
Abduction, 214, 215 
hand and fingers, 218, 219 
ABO blood types, 525-526, 526 
Abortion, spontaneous, 100, 734í 
Abmptio plaeentae, 95, 734/ 
Absorption ateleetasis, 643 
Aeeeleration, vestibular apparatus, 

475-478, 476-478 
Aeeesory organs, 116-120, 654-655, 

655 

Aeeessory glands 
digestive system, 673 
male reproductive system, 713 
Aeeessory panereatie duct, 677 
Acetabular labrum, 224, 225 
Acetabulum, 190, 191-192 
Aeetyleholine (ACh), 362-363, 363 
autonomic nervous system, 454, 
454, 454/ 

neuromuscular junction, 248, 249 
Aehalasia, 4511 

Aehilles tendon, 198, 198, 316 1, 318 
Aeholie feees, 673 
Aehondroplastie dwarfism, 143 
ACh reeeptors, 249 
Aeid-base balanee, 631 
Aeidophils, pituitary gland, 500, 501- 

502, 502-503, 503í, 504 
Aeid phosphatase, 713 
Aeinar eells, 677, 677 
Aeinar glands, 75, 76 
Acinus, 76 
Acoustic meatus 
external, 470-471 
internal, 161, 433-434 
Aeromial end (elaviele), 185 ,185 
Aeromioelaviailar joint, 173, 185 
Aeromion, 186, 186, 338-339, 344 
Aerosomal reaetion, 86, 86 
Aerosome, 86 

Aerosome, spermatozoon, 711, 712 
Aetin, myofilaments, 245, 245 
Aetion, of muscles, 240, 264 
Aetion potential, 354, 355 
Aetive transport, 34, 35 
Acute glomerulonephritis, 700í 
Acute panereatitis, 680/ 

Acute rhinitis, 650/ 

Adaptive immunity, 530 


Adduction, 214, 215 
Adenohypophysis, 500, 501-502, 

502-503, 503/, 504 
Adhesive glyeoproteins, 64 
Adipoeytes, 63, 67-68, 68/ 

Adipose tissue, 67-68, 68, 68/ 
breast, 726 

endoerine eells in, 510 
parathyroid gland, 507 
renal sinus, 687, 688 
Adoleseenee, 731 
Adrenal cortex, 449-450, 459, 

507-508, 508, 511/ 
hormones, 504 

prenatal development, 514, 514 
Adrenal glands, 336, 449-450, 459, 

499, 507-508, 508, 514, 

514, 685 

disorders, 515, 516/ 
prenatal development, 514, 514 
sympathetie nervous system, 

449-450, 459 

Adrenal medulla, 449-450, 459, 507, 

508, 511/ 
development, 457 
prenatal development, 514, 514 
Adrenergie fibers, 454, 454, 454/ 
Adrenergie reeeptors, 454, 454, 454/ 
Adrenoeortieotropie hormone, 501, 

502, 503/, 504 

Adult respiratory distress syndrome 

(ARDS), 648, 650/ 

Adult stem (AS) eells, 50 
Adventitia, 638-639, 638-639, 655 
Aerobie respiration, 46 
Afferent nerve fibers, 381, 381/, 392 
Afferent pathways, 411, 412 
Ageusia, 493/ 

Aging 

autonomic nervous system, 
456-457 

eentral nervous system, 437-438 
digestive system, 678, 680 
endoerine system, 514 
heart, 558-559 
hematology, 534 
integumentary system, 125 
muscular system, 258 
reproductive system, 731 
respiratory system, 649 
skeletal system and, 144 
urinary system, 698, 700 
vascular system, 603 
Agonist muscle, 240 
Agranulocytes, 521, 527, 522/, 527 
AIDS (acquired immunodeficiency 

syndrome), 733 
Air embolism, 579 
Ala nasi, 331, 633-634, 634-635 
Albinism, 115 
Albumin, plasma, 522, 522/ 
Aldosterone, 508, 511/ 

Allantoie duct, 94, 95, 680 
Allantois, 92-95, 94, 679 
Alopeeia, 119 
Alpha eells, 509, 509 


Alpha globulins, 522, 522/ 

Alveolar ducts, 640, 641 
Alveolar maerophages, 530, 641, 642 
Alveolar saes, 642 
pulmonary circuit, 573 
Alveoli (pulmonary), 641, 642 
Alveolus, 76, 164 
teeth, 660-661, 660-661 
Alzheimer disease (AD), 438-439, 

438/, 439 

Amaerine eells, 487, 488 
Amelia, 201-202, 202, 202/ 
Amenorrhea, 734/ 

Amino aeid metabolism, 674/ 
Amnion, 92-95, 94 
Amniotie eavity, 88 ,90, 679 
Amphiarthrosis, 208, 209 
Amphimixis, 86, 87 
Ampullae, 472, 478, 478, 676, 

676-677 

ductus deferens, 706-707, 712 
female reproductive traet, 718 
uterine tube, 721 
Amygdala, 418, 418, 420, 423 
olfaetory projeetion pathways, 

470, 470 

Amylin, 509, 509, 511/ 

Amyotrophie lateral selerosis (ALS), 

380, 380 

Anagen phase, hair eyele, 119 ,119 
Anal eanal, 342, 655, 671, 672 
Anal columns, 671, 672 
Anal sphineter, internal and external, 

671, 672 

Anal triangle, 287/, 2 88 
male, 707 
Anaphase 
meiosis, 710 
mitosis, 48, 49 
Anastomosis, 571-572, 572 
circulatory routes, 571-572, 572 
Anatomieal dead spaee, 640 
Anatomieal neek (humerus), 

186-187 ,187 

Anatomieal planes of referenee, 

12, 72 

Anatomieal position, 9, 72 
Anatomieal quadrants, 15, 75 
Anatomieal regions, 13-16, 14, 15 
Anatomieal snuff box, 306/, 345 
Anatomy, 1-22 
bone(s), 153, 154, 154/ 
direetional terms, 12-13, 13/ 
regional, 330 
skeletal muscle, 237-244 
structural hierarehy, 8, 8 
surface, 330 

synovial joints, 220-230 
systems approaeh, 330 
variation in, 6, 7 
Anaxonic neurons, 356, 357 
Anconeus muscle, 301/, 302 
Androgen-binding protein, 707 
Androgens, 508, 508, 511/ 
Andropause, 731 
Androstenedione, 508 


Anemia, 534, 535/ 

Aneneephaly, 368 
Aneuploidy, 100 
Aneurysms, 566, 566 
Angioblasts, 601, 601 
Angiogenesis, 601 
Angiotensin II, 510 
Angiotensinogen, 510, 512/ 

Angle 

mandible, 165 ,165 
nasofaeial, 635 
ribs, 174, 174, 338 
Angular gyras, 420, 423 
Ankle 

bones of, 197-199 ,198 
joints, 228, 228-229, 229/ 
Ankylosis, 230-231, 230-232, 231/ 
Anoeoeeygeal ligament, 287/, 288 
Anovulation, 731 
Antagonist muscle, 240-241 
Antebraehial region, 16 
Antebrachium, 186 
Anterior areh, 169-170 ,170 
Anterior border layer, 483 
Anterior ehamber, 482-484, 482-484 
Anterior cruciate ligament, 228 
Anterior longitudinal ligament, 

179-180 ,180 
Anterior mesentery, 18, 79 
Anterior spinal traets, 375, 376, 316t, 

378, 379 

Anterior tubercle, 169-170 ,170 
Anterolateral system, 378, 407-408, 

409 

Antibodies, blood types, 526 
Antidiuretic hormone, 415, 503, 503/, 

504, 695 

Antigen-presenting eells (APCs), 530 
Antigens, blood types, 526 
Antihelix, 470-471 
Antitragus, 470-471 
Antral follieles, 779, 720 
Antram, 664, 665-666, 667, 667/ 
oogenesis, 779, 720 
Anular ligament, 223, 224 
Anulus fibrosus, 169, 769 
Anus, 342, 655 
female, 725 
male, 707 

prenatal development, 729 
Aorta, 340-341, 546, 549 
abdominal, 336, 337, 584-585, 

584/, 685, 687 
aneurysm, 566, 566 
aseending, 542, 576, 576/ 
deseending, 576, 576/, 581 
female reproductive traet, 722 
histology, 565 
lower limb, 595-596 
mesenterie, 584 

prenatal development, 601, 601-602 
respiratory system, 647 
systemie circuit, 541, 574, 576, 

576/ 

thoraeie, 336-337, 576, 576/, 
581-582, 581/-582/ 
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Index 


Aortie areh, 335, 542, 559, 567, 574, 

576, 576t-578t, 577-578 
prenatal development, 601, 601 
thoraeie region, 581 
Aortie bodies, 567, 567, 647 
Aortie hiatus, 576, 581, 581/, 584 
Aortie sae, 601, 601-602 
Aortie valve, 546, 546-547 
Apex 
lung, 640 
nasal, 635 
Aphasias, 423 

Apoerine glands, 120-121 ,121 
prenatal development, 124 ,124 

Apoerine seeretion, 78 
Aponeurosis, 239-240, 240 
abdominal wall, 281/-283/ 
Apoptosis, 46, 80-81 
Appendages, aeeesory organs, 

116-120 

Appendieitis, 680/ 

Appendicular region, 16 
muscle system, 293-325 
systemie circuit, 590-600 
Appendicular skeleton, 152-153, 

153/, 184-202 

anatomieal elinieal and biologieal 
perspeetives, 199-200, 
199-200 

development, 200-201, 201 
pathology, 201-202, 202, 202/ 
peetoral girdle and lower limb, 

190-199 

peetoral girdle and upper limb, 

185-190 

Appendix, 335, 584, 655, 671, 672 
Appositional growth, bone widening 

and thiekening, 143 
Aquaporins, 34 

Aqueous humor, 483, 483-484 
Araehnoid granulations, 404 
Araehnoid mater, 374, 374, 400, 403 
Araehnoid membrane, 374, 374 
Arbor vitae, 410, 411^-12 
Arehes of foot, 199-200, 199-200 
Areola, breast, 338, 725-726, 726 
Areolar glands, 725-726, 726 
Areolar tissue, 64, 65, 65/, 67 
Arm 

bones of, 185-190 
rmiseles of, 297/-300/, 298-300 
Arm buds, 92, 97 
Arreetor pili, 118 

Arterial anastomoses, 551, 571-572, 

572 

Arterial pressure points, 600, 600 
Arteries, 96, 601, 601-602 
abdominal region, 584-586, 
584/-587Z 
aeeessory renal, 698 
arcuate, 594/, 595-596, 687, 688- 
689, 722, 723 
arm, 590/-591/, 591 
auricular, 576/-578/, 577-578, 
577Z-578/ 

axillary, 335, 574, 576/-578/, 577- 
578, 582/, 590/—591/, 591 
basilar, 578 

braehial, 335, 574, 590/-591/, 591 
braehioeephalie, 338, 574, 576, 
576/, 576Z-578/, 577-578 


bronehial, 581, 581/ 
earotid, 334, 338, 444, 567, 567, 
574, 576, 576/, 576/-578/, 
577-578, 581, 591, 591/, 601, 
601, 647 

eerebellar, 577-578, 577/-578/ 
eerebral, 577-578, 577/-578/ 
circumflex femoral, 594/, 595-596 
circumflex humeral, 590/-591/, 591 
elassifieation, 565-567, 566-567 
eolie, 586, 586/ 
eomrmmieating, 577-578, 

577Z-578/ 

conducting, 566-567 
eoronary, 576 

eortieal radiate, 594/, 595-596, 687, 
688-689 
eystie, 584/, 585 

deep braehial, 574, 590/—591/, 591 
deep femoral, 574, 594/, 595-596 
deep plantar areh, 594/, 595-596 
diaphragm, 574 
distributing, 565, 567 
dorsal, 714, 714 

dorsal pedal, 574, 594/, 595-596 
esophageal, 581, 581/, 656-657 
faeial, 574, 576/-578/, 577-578 
femoral, 334, 574, 594/, 595-596 
fibular, 574, 594/, 595-596 
foot, 594/, 595-596 
forearm, 590/-591/, 591 
gastrie, 584/, 585 
gastroduodenal, 584/, 585 
gastro-omental, 584/, 585 
general anatomy, 564-572 
genicular, 594/, 595-596 
gluteal, 587, 587/ 
gonadal, 574, 584 
hand, 590/-591/, 591 
head, 576/-578/, 577-578 
helieine, 714 

hepatie, 574, 584/, 585, 674-675, 
676 

hyaloid, 482, 484 
hypophyseal, 500, 501-502, 502- 
503, 503/, 504 
ileal, 586, 586/ 
ileoeolie, 586, 586/ 
iliae, 336, 574, 584, 594/, 595-596, 
722 

iliolumbar, 587, 587/ 
intereostal, 581, 582/ 
interlobular, 687, 688-689, 693 
interosseous, 574, 591, 591/ 
intersegmental, 601, 601-602 
interventricular, 544 
jejunal, 586, 586/ 
left eoronary, 547, 549-550, 550 
leg, 594/, 595-596 
lingual, 577-578, 577/-578/ 
lobar, 572, 573 
lower limb, 594/, 595-596 
lumbar, 584 
mammary, 582/ 
maxillary, 576/-578/, 577-578 
mediastinal, 581, 581/ 
mesenterie, 336, 341, 574, 584-586, 
584/-587Z, 586, 656-657, 672 
obturator, 587, 587/, 595 
oeeipital, 576/-578/, 577-578 
ophthalmie, 576/-578/, 577-578 


ovarian, 584-586, 584/—587/, 717, 
718, 722 

palmar, 574, 591, 591/ 
panereatie, 584/, 585 
pancreaticoduocenal, 584/, 585, 

586, 586/ 

pelvie region, 584-586, 584/-587/, 
594/, 595-596 
penile, 714, 714 
perieardiophrenie, 581, 582/ 
phrenie, 584-585, 584/ 
plaeental, 601, 601-602 
plantar, 594/, 595-596 
popliteal, 574, 594/, 595-596 
pudendal, 587, 587/ 
pulmonary, 542, 546, 548-549, 555, 
572, 573, 601,607, 641 
radial, 574, 590/-591/, 591 
radial eollateral, 574, 590/—591/, 

591 

reetal, 586, 586/, 587, 587/ 
renal, 574, 584-586, 584/-587/, 

685, 687, 687-689 
resistanee, 567 
retinal, 482-484, 482-484 
right eoronary, 550, 550-551 
saeral, 584, 587, 587/ 
segmental, 687, 688-689 
sense organs, 567, 567 
shoulder, 590/ 
sigmoid, 586, 586/ 
spinal, 578 
spiral, 722-723, 723 
splenie, 336, 574, 584/, 585 
stomaeh, 666 

subclavian, 335, 338, 567, 574, 576, 
576/, 581, 582/, 590/-591/, 591, 
601,607 

subcostal, 581, 582/ 
subscapular, 574, 581, 582/ 
superficial temporal, 574, 577-578, 
577Z-578/ 

superior phrenie, 582/ 
superior vesieal, 603 
supply, 549-552, 550-551 
supraorbital, 576/-578/, 577-578 
suprarenal, 507-508, 508, 584-586, 
584/-587Z 
systemie, 574 

testicular, 584-586, 584/-587/, 

707, 709 

thoraeie, 574, 581, 581/-582/ 
thoraeoaeromial, 582/ 
thyroid, 505-506, 505-506, 566, 
576/-578/, 577-578, 577/-578/ 
tibial, 574, 594/, 595-596 
ulnar, 574, 590/-591/, 591 
ulnar eollateral, 574, 590/—591/, 591 
umbilical, 96, 604 
upperlimb, 590/-591/, 591 
uterine, 587, 587/, 717, 722, 
722-723 

vaginal, 587, 587/ 
vertebral, 574, 576/-578/, 577-578, 
581, 581/ 
vesieal, 587, 587/ 
wrist, 590/—591/, 591 
Arteriole(s), 565, 567 
afferent, 687, 688-690, 692-693, 
695 

efferent, 687, 688-690, 692-693, 695 


fundus, 485 

preeapillary sphineters, 570 
pulmonary, 642 
small intestine, 670 
Arterioselerosis, 603 
Arteriovenous anastomosis (shunt), 

571-572, 572 

Arthritis, 230-231, 230-232, 231/ 
Arthroplasty, 231, 232 
Arthroseopie surgery, knee, 227, 

227-228 

Articular eartilage, 134, 210, 270 
exercise and, 210 
Articular dise, 210 
Artifieial skin, 128 
Aseending spinal traets, 375-378, 

376, 376t, 377 
Aseites, 680/ 

Aspartate, 362-363, 363 
Assoeiation traets, 417 
Asthma, 649 
Astigmatism, 486, 486/ 

Astroeytes, 357/, 358, 358 
Astroeytosis, 358 
Ateleetasis, 643 
Atheroma, 551, 557 
Atheroselerosis, 551, 557, 603 
Atheroselerotie plaque, 551, 557 
Atlantoaxial joint, 170, 770 
Atlanto-oeeipital joint, 170, 770 
Atlas, 169, 770 
Atoms, 9 
Atresia, 717 
Atria 

heart, 542, 544, 545, 546, 548-549, 
553, 557, 558 

Atrioventricular bundle, 553, 553 
Atrioventricular (AV) node, 552, 553 
Atrium (pulmonary), 640, 647 
Atrophy, tissue, 80 
Auditory eanal, 471, 471, 492 
Auditory function, 474-475, 475 
Auditory ossieles, 166,471-472, 

471-472, 492 

Auditory tube, 471-472, 471^-72, 

475, 492, 634 
Auricles 

ear (pinna), 331, 470-471, 470-471, 
492 

heart, 542, 545, 546, 550 
Auricular hilloeks, 491, 492 
Auricular surface, 172, 173, 190, 

191-192, 331 
Auscultation, 3-4 
Autoantibodies, 39 
Autoimmune disease, 361 
Autonomic nervous system (ANS), 

352, 353, 443-457 
anatomy, 446-449, 446-452 
eardiae muscle and, 255 
eentral eontrol, 455-456, 456 
development and aging, 456-457 
disorders, 457/ 
divisions, 444-445, 445 
drugs and, 455 

dual innervation, 454-455, 455 
effeets, 453-456, 453/ 
general properties, 443-445, 
444-445, 445/ 
hypothalamie eontrol, 415 
neural pathways, 445, 445, 445/ 
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neurotransmitters and reeeptors, 
453-454, 453r, 454, 454? 
respiratory function, 645, 646-647 
viseeral reflexes, 443-444, 444 
Autonomic tone, 444-445, 445 
Autophagy, 46 
Avulsion fracture, 202r 
Axial musculature, 263-289, 297? 

nomenclature, 265? 

Axial region, 13, 14 
systemie circulation, 573, 574-590 
Axial skeleton, 151-180 
development, 176-178, 176-179 
overview, 152, 152-153 
pathology, 179-180, 179?, 180 
Axilla, 343 
Axillary folds, 343 
Axillary region, 343 
Axillary tail, 338 

Axis, vertebral, 170-171, 170-171 
Axoaxonic synapse, 362, 362 
Axolemma, 354, 355 
Axoneme, 37 ,37 
Axon hilloek, 354, 355 
Axons. See Nerve fibers (axons) 
Axoplasm, 354, 355 
Axosomatic synapses, 362, 362 
Azotemia, 686 
Azurophilic granules, 527 
Azygos system, 582r, 583 

B 

Baek 

injuries, 286 

muscles, 284-286, 284r-286í, 339 
Baldness, 119 

Ball-and-soeket joints, 212, 212 
Band eells, 527 
Bare area (liver), 613,674 
Baroreeeptors, 444, 444, 567, 567 
Baroreflex, 444, 444 
Bartholin glands, 724, 725 
Basal body, 37, 46 
Basal eells 
eareinoma, 126 ,126 
tongue, 467, 468 
Basal layer, 123 ,123 
endometrium, 722, 722 
Basal skull, 157, 159 
Base, of lung, 640 
Baseball finger, 325? 

Basement membrane, 28, 56, 642, 

692, 693 

blood vessels, 565 
seminiferous tubules, 711 
Basilar membrane, 473, 473, 475 
Basilarpart, 161 
Basophils, 521, 521, 522 1, 528, 

528í, 530 

pituitary gland, 500, 501-502, 
502-503, 503r, 504 
Bed sores, 80 
Bell palsy, 431 

Belly (of muscle), 239-240, 240, 

300-301í, 301 

Benign prostatie hyperplasia, 698, 713 
Beta eells, 509, 509 
Beta globulins, 522, 522? 

Biaxial joint, 212, 272 


Bicuspids, 661 
Bile, 673 

Bile aeids (salts), 673 
Bile duct, 655, 674-675, 676, 

676-677 

Bile ductule, 675, 676 
Bilimbin, 673 
Biofeedbaek, 444 
Bipedalism 

foot adaptations, 199, 199-200 
skull adaption, 166 ,166 
Bipolar eells, 486-489, 487-489 
Bipolar neurons, 356, 356 
Birth defeets, 100-103, 104? 
Bis-phosphonates, 147 
Blaek lung disease, 649 
Bladder, urinary, 334, 336, 604, 680 
anatomy, 342, 685, 685, 696, 697 
female, 716-717 
male, 706 

prenatal development, 728 
Blastoeoel, 88, 90 
Blastoeyst, 88 ,90 
Blastomeres, 88, 89 
Blind spot, 485 
Bloeker’s arm, 325? 

Blood 

circulatory routes, 571-572, 572 
eleansing, 674? 

eomponents and general properties, 
520-521,527, 522? 
disorders, 534-535, 535? 
distribution, 570 

flow pathway through heart, 547- 
548, 549 

histology, 71, 77, 71? 
islands, 525 
plasma, 71 

respiratory system, 631 
types, 525-526, 526 
in urine, 692 

Blood-brain barrier, 358, 405 
Blood-CSF barrier, 405 
Blood islands, 601, 601 
Blood pressure, respiratory 

system, 631 

Blood supply, 656-657 
bone, 136 ,137 
eye, 485, 485 

female reproductive traet, 722, 
722-723 
gonads, 510, 510 
liver, 675, 676 
muscles, 250, 250 
renal system, 687, 688-689, 689 
thyroid, 505-506, 505-506 
Blood-testis barrier (BTB), 707, 

709, 777 

Blood urea nitrogen (BUN), 686 
Blood vessels. See also Arteries; 

Capillaries; Vein(s) 
appendicular region, 590-600 
eoronary, 544, 550 
digestive traet, 656 
diseases, 605? 

female reproductive system, 77 7 
general anatomy, 564-572 
histologieal structure, 564-565, 565 
mierographs, 566 
prenatal development, 601-603, 
601-603 


renal, 687, 688-689, 689 
testes, 708 

wall structure, 564-565, 565 
B lymphoeytes, 522, 522? 

Body (corpus) 
breast, 725-726, 726 
female reproductive traet, 77 8 
mandible, 165 ,165 
stomaeh, 664, 665-666, 667, 667? 
uterus, 721-722, 722 
vagina, 724, 725 
vertebrae, 169, 769 
Body eavities and membranes, 

16, 16-20, 16?. See speeifie 
eavities, e.g., Middle ear eavity 
Body functions, muscular eontrol, 237 
Bone marrow, 138 ,138 
transplants, 526 

Bone(s). See also speeifie bones 
anatomy, 133-134, 133-134, 153, 
154, 154? 

ankle, 197-199 ,198 

arm, 185-190 

blood supply, 136 ,137 

cancellous, 133 ,133 

eaneer, 132 

eapitate, 188, 7 89 

earpal, 188 ,189 

eells, 134 ,135 

eompaet (dense), 70, 70, 70?, 

133 ,133 

eompaetbone, 136 ,137 
eranial, 155, 159, 176 ,176 
cuboid, 198 ,198 
deposition, 142 
dermal, 139 
development, 139-145 
elongation, 141-142, 141-143 
endoerine eells in, 510 
ethmoid, 153, 157, 162-164, 163 
faeial, 164-166, 164-166, 177, 
179-180, 180 
flat, 133 ,134 
foot, 197-199 ,198 
forearm, 186-190, 187-189 
fractures, 145-146, 145?, 146 
frontal, 159-160, 481 
growth, 140-143, 141, 142 
hamate, 188 ,189 
hand, 186, 188, 189,759 
hip, 190 ,191 
hormones and, 504 
hyoid, 166, 166, 636, 659 
intermediate, 198 ,198 
irregular, 133 
jaw, 165 ,165 
knee, 195, 196-197 
laerimal, 164, 165 
leg, 193, 195-199, 347 
long, 133, 133 
lower limb, 193, 195-199 
lunate, 188 ,189 
matrix, 135-136 
medial, 198 ,198 
metaearpal, 188 ,190 
middle-ear, 471-472, 471-472 
rmrseles and, 241, 241 
nasalbones, 155, 165 
nutritional and hormonal faetors in 
growth, 144 
oeeipital, 157, 161, 331 


osseous tissue and, 132-133 
palatine, 157, 163, 165 
parietal, 156, 158, 160 
peetoral girdle, 185-186, 185-190, 
756,190-199 
pelvie, 190-193, 191-192 
pisiform, 188, 759 
pollex, 188, 190, 344-345 
polymers and eeramies and, 136 
remodeling, 143-144 
seaphoid, 188, 759 
sesamoid, 153 
short, 133 

shoulder, 185-186 ,186 
skeletal system, 153, 153? 
skull, 166 ,166 
sphenoid, 162, 762 
spongy, 70, 70, 70?, 133, 133, 136, 
137-138, 138 

squamous temporal, 160, 767 
structural disorders, 145-148, 147, 
148? 

sutural, 153 
temporal, 160, 767 
temporal bones, 160, 767, 331, 433, 
472, 492 

tissue, 70, 70, 70? 
trabezoid, 188, 759 
trapezmm, 188, 759 
triquetrum, 188, 759 
upper limb, 185-190, 186-190, 
187-189 

widening and thiekening, 143 
wormian bones, 153 
wrist, 185-190, 189-190 
zygomatie, 156-157, 165 
Bony joints, 206 

Bony (osseus) labyrinth, 472^173, 

472-474 

Braehialis muscle, 301?, 302 

Braehial region, 16 

Braehioradialis muscle, 301?, 302 

Braehmm, 186 

Bradyeardia, 394 

Braille, 463 

Brain 

auditory pathways, 472, 415,476 
barrier system, 404-405 
blood supply, 404-405 
disorders, 438-439, 438? 
embryonie, 366, 366 
hindbrain, 406 

integrative functions, 419-426 
landmarks, 399, 400-401, 402 
midbrain, 406 
motor eontrol, 421-422 
olfaetory projeetion pathways, 

469, 470 

respiratory eenters, 645, 646 
sensory functions, 420-421, 421 
Brainstem, 332, 366, 375, 399, 400- 

401, 402, 406-409, 407-408 
auditory function, 415,476 
Breast, 333, 338, 725-726, 726 
eaneer, 732?, 734? 
fat, 340 
Breathing 
difficulties, 280 
fetal, 647, 648 
respiratory system, 631 
Bridge, nasal, 635 







1-4 


Index 


Broea area, 420, 423-424, 424 
Bromhidrosis, 121 
Bronehi (bronchus), 336, 446, 

631, 636 

anatomy, 639-640, 640 
lobar, 638 
main, 639-640, 640 
prenatal development, 648 
segmental, 638, 639-640, 640-641 
Bronehial mucosa, 641 
Bronehial tree, 639-640 
Bronehiole, 642 
Bronehitis, ehronie, 649 
Bronchopulmonary segment, 631, 

639-640 

Brown fat, 68 

Brnsh border anatomy, 36, 669, 670 
Bmsh border enzymes, 669 
Buffy eoat (blood eells), 521 
Bulb, hair, 117, 123-124 ,124 
Bulb, penis, 714 
Bulbar conjunctiva, 480, 481 
Bulbocavernosus muscle, 287í, 288 
Bulbourethral gland, 706-707, 713 
prenatal development, 728 
Bulbous corpuscle, 462, 462?, 463 
Bulbus eordis, 557, 558 
Bulge, hair, 117, 118 
Bundle branehes, 553, 553 
Burn injuries, skin, 126-127 ,127 
Bursae 

elbow, 223, 223-224 
infrapatellar, 228 
joints and, 210, 211 
popliteal, 228 
prepatellar, 228 
semimembranous, 228 
shoulder joint, 223, 223 
suprapatellar, 228 
Bmsitis, 210 

e 

Cadaver, 2, 4 

Calcaneal (heel) spms, 202r 
Calcaneal (Aehilles) tendon, 198, 198, 

228, 229, 316r, 318 
Calcaneus, 198, 198, 347, 348 
Calcification, bone, 132-133 
Calcitonin, 506, 51 1? 

bone growth and, 144 
Calcitriol, 510, 512? 

Calcium phosphate 
bone growth and, 144 
intramembranous ossifieation, 

139 ,140 
Calculi 
biliary, 677 
dental, 661 
renal, 696 
Caldidiol, 512? 

Calvaria, 155, 158, 159 
fraetme, 179-180 ,180 
Calyxes, renal, 687, 688, 690, 699 
Canaliculi, 70, 134 
bile, 675, 676 
laerimal, 480, 481 
Canal of Sehlemm, 483, 484 
Cancer 

bone eaneer, 132 


breast, 132t, 134t 
eell division in, 48, 48 
eervieal, 733 
digestive system, 681 
penile, 132t 
prostate, 713 
skin, 125-126, 126 
testicular, 715, 132t 
Cannon, Walter, 443 
Canthi, medial and lateral, 480, 480 
Capacitation, sperm, 86 
Capillaries, 564-566 
alveolar, 573, 642 
blood flow regulation, 570 
continuous, 568, 568 
fenestrated, 568, 569 
histology, 565 
laeteal, 669, 670 
mierographs, 566 
peritubular, 687, 688-689, 691 
permeability, 568, 569 
structure, 567-570, 568-570 
Capillary beds, 568, 570 
Capillary endothelial eell, 569, 642, 

692, 693 

Capitulum, 187 ,187 
Capsular spaee, 691, 693 
Capsule(s) 
exocrine glands, 76 
of exocrine glands, 75 
fibrous, 686-687, 687 
glomeralar, 690, 691 
perirenal fat capsule, 686-687, 687 
renal, 690 

Carbohydrate metabolism, 674? 
Carcinogens, 48 
Cardia (stomaeh) 
aehalasia, 457? 

anatomy, 664, 665-666, 667, 667? 
Cardiac eenter, 406, 407-408 
Cardiac conduction system, 552-553, 

553 

Cardiac eyele, 555-556 
Cardiac glands, 664, 665-666, 

667, 667? 

Cardiac impresson, 639, 640 
Cardiac muscle, 73, 74, 14t, 236, 254, 

254-255, 255? 

development of, 257-258, 258 
straetme, 553-554, 554 
Cardiac noteh, 639, 640 
Cardiac orifiee, 663 
Cardiac tamponade, 17, 560? 
Cardiocytes, 73, 236, 254, 254-255, 

255?, 544 
Cardiology, 540 
Cardiomegaly, 559 
Cardiomyopathy, 560? 

Cardiovascular system, 520. See also 

Heart 

overview, 540, 540-541, 541-542, 
543 

reticular formation, 410 
Carina, 636, 638-639, 638-639 
Cariogenic effeet, 506 
Carotene, skin eolor and, 115 
Carotid bodies, 567, 567, 647 
Carotid eanal, 161 
Carpal region, 16 
Carpal tunnel, 303? 
syndrome, 307, 307 


Carrier-mediated transport, 34, 34-35 
Carrier proteins. See Transport 

proteins 

Cartilage, 68, 69, 69? 
alar, 633-634, 634-635, 635 
articular eartilage, 134, 210, 210 
arytenoid, 635, 636-637 
bronehial, 641 
corniculate, 635, 636-637 
eostal, 174, 174, 334 
erieoid, 635, 636-637, 638, 640 
cuneiform, 636, 636 
epiglottie, 635, 636-637 
knee, 226, 226-227 
lateral, 633-634, 634-635, 635 
septal, 634 

thyroid, 277?, 278, 335, 338, 506, 
506, 635, 636-637, 638, 640 
zone of rserve eartilage, 141 
Cartilaginous joints, 208, 209, 211? 
Catagen phase, hair eyele, 119 ,119 
Cataracts, 484 

Categorical hemisphers, 424-425, 425 

Catheterization, 592 

Cauda equina, 372, 373 

Caudal direetion, 399, 400-401, 402 

Caudal end, embryo, 89 

Caveolae, smooth muscle, 255 

C (elear) eells, 506 

Cecum, 335, 341, 655, 671, 672 

Cell-adhesion molecules (CAMs), 

33 ,33 

Cell body. See Nemosoma 
Cell eyele, 47, 47 
Cell-identity markerss, 33, 33 
Cell junctions, 38-39, 39 
Cell(s). See also Cytology; Stem eells 
aeinar, 677, 677 
apieal smfaee, 28, 29 
basal smfaee, 28 

basie eomponents, 29, 29-30, 30? 
blood (See speeifie blood eells, e.g., 
Erythroeytes) 

bone(s), 134-138, 135, 137-138 
C (elear) eells, 506 
ehief eells, 506, 664, 667? 
ehromaffin, 507, 508 
diploid, 85, 709, 710 
division, 47-48, 48-49, 85 
enteroeytes, 669, 669-670 
enteroendoerine, 664, 667? 
epidermal, 110-111 ,111 
fibrous tissue, 63 
follicular, 716-717, 716-717 
G eells, 667 

goblet, 67, 633, 633-635, 638-639, 
669, 669-670 
gonadal, 510, 510 
granular (juxtaglomerular) eells, 
694, 695 

haploid, 85, 709, 710 

interealated, 695 

interior structures, 40-48 

lateral smfaee, 28 

life eyele, 47-50 

mesangial eells, 694-695, 695 

mucous, 664, 665-666, 661, 6611 

nerve eell (See Nemons) 

parietal, 664, 667? 

plasma, 522, 522? 

prineipal, 695 


shapes and sizes, 27-29, 28, 57 
smfaee area and volmne, 28-29, 
28-30 

smfaee extensions, 36-38, 37 
target eells, 498-499, 499 
mnbrella, 62, 696, 697 
Cell theory, 26 

Cementum, tooth, 660-661, 660-661 
Central eanal(s) 
brain, 403, 404 
haversian eanals, 70, 70, 70?, 

136, 137 

spinal eord, 374, 375 
Central nervous system (CNS) 
aging, 437-438 
oligodendroeytes, 360, 360 
overview, 352, 352-353 
projeetion pathways, 463-464 
respiratory system and, 645, 646 
Central pattern generators, 372, 410 
Central sulcus, 400-401, 416 
Central tendon, respiratory 

system, 279? 

Central venous eatheters, 592 
Centrioles, 44, 46 
meiosis, 710 
Centromere 
meiosis, 710 
mitosis, 48, 50 
Centrosome, 46 
Centrum (vertebrae), 169 ,169 
Cephalic end, embryo, 89 
Cephalic flexure, 366, 366 
Ceramics, bones and, 136 
Cerebellar hemispheres, 410-413, 

411-412 

Cerebellar peduncles, 410-411, 

411-412 

Cerebelli, 402, 403 

Cerebellum, 332, 375, 399, 400-401, 

410-413, 411^-12, 413?, 

424, 427 

motor eontroll, 422 
pathways, 412 

vestibular projeetion pathway, 479 
Cerebral aqueduct, 403, 404 
Cerebral-arterial eirele, 577-578, 

577?-578? 

Cerebral cortex, 402, 403, 417, 418. 

See Cerebral cortex 
functional regions, 420 
gustatory projeetion pathway, 

468, 468 

Cerebral erma, 409 
Cerebral hemispheres, 375, 399, 

400-401, 415, 425?, 426 
lateralization, 424-425, 425 
Cerebral palsy, 104, 438? 

Cerebral peduncle, 409 
Cerebrospinal fluid, 358 
flow, 405 
functions, 404 
meningitis, 404 
Cerebrovascular aeeident, 605? 
Cerebrum, 332, 399, 400-401, 

425, 426 

auditory function, 475, 476 
circulation, 578, 578? 
gross anatomy, 400-401, 412, 
415-416 
taste, 468, 468 
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Ceruloplasmin, 522, 522? 

Cerumen, 122, 471, 477 
Ceruminous glands, 727, 122, 470 
Cervical eanal, 713, 718, 722 
Cervical eaneer, 733, 733 
Cervical curvature, 168, 168 
Cervical enlargement, 372, 373 
Cervical flexure, 366, 366 
Cervical glands, 722 
Cervical intraepithelial neoplasia 

(CIN), 733, 733 

Cervical region, 13, 14, 331, 372, 373 
muscles of, 27 2t 

Cervical vertebrae, 167, 167-168, 

169-111,170-171 
fractures and disloeations, 179-180, 
180 

Cervix, 342, 716-717, 718, 721-722, 

722 

Chambers of heart, 545, 546 
Channel proteins, 32-33, 33 
Charley horse, 260í 
Cheeks, 658-659 

Chemical senses, 466-470, 467-470 
Chemical synapses, 362-363, 363 
Chemoreceptors, 461 
eardiae, 567, 567 
respiratory system, 645, 646 
Chewing muscles, 273t-276í, 276 
Chief eells, 506, 664, 6611 
Choanae, 162, 162, 633-634, 634-635 
Cholecalciferol, 512í 
Cholecystokinin, 510, 512í 
Cholelithiasis, 677 
Cholesterol, 31 
Cholinergic fiber, 454 
Chondrification, 176 
Chondroblasts, 68 
Chondrocranium, 176 
Chondrocytes, 68, 638 
Chorda tympani, 433 
Chorion, 93-95, 94 
Chorionic villi, 94, 95, 96 
Choroid (eyeball), 482-484, 482-484, 

487, 493 

Chromaffin eells, 507, 508 
Chromatids 
meiosis, 710 
mitosis, 48, 49-50 
Chromatin, 43 
Chromatophores, 483 
Chromophobes, 500, 501-502, 502- 

503, 503f, 504 
Chromosomes, 43 
disiunction/nondisiunction, 100- 
102, 101 
meiosis, 710 
mitosis, 50 

sexual reproduction, 704 
Chronic obstructive pulmonary 

disease (COPD), 649 
Chylomicrons, 669 
Chyme, 664 

Chymotrypsinogen, 678t 
Cilia, 36-37, 37 

Ciliary body, 482-484, 482-484 
Ciliated eells, 633, 634-635 
Ciliopathies, 36 
Cingulate gyms, 418, 418 
Circadian rhythms, 415, 505 
Circle of Willis, 578 1 


Circular folds, 668, 669-670, 676, 

616-611 

Circulatory system, 9,11. See also 

Heart 

axial region, 573, 574-575 
at birth, 604 

circulatory routes, 571-572, 572 
eollateral circulation, 551-552 
eoronary circulation, 549-552, 
550-551 

digestive traet, 656-657 
fetal, 604 
functions, 520 

hypophyseal portal system, 500, 
501-502, 502-503, 503í, 504 
liver, 675, 616 
neonatal, 604 

pulmonary circuit, 572, 573 
renal circulation, 687, 688-689, 689 
Circumduction, synovial joints, 

216, 216 

Circumferential lamellae, eompaet 

bone, 136 ,137 
Circumventricular organs 

(CVOs), 405 
Cirrhosis, 680t 
Cisternae, 43 
terminal, 245 

Clavicle, 185, 185, 331, 333, 334, 338 
fractures, 185 

Clavicular notehes, 173, 174 
Cleavage, preembryonie stage, 88 
Cleavage furrow, 50 
meiosis, 710 
eiimaterie ehange, 731 
ditoris, 716-717, 724, 725 
prenatal development, 729 
Cloaca, 728 

Clotting faetors, 533, 533-534 
Clubfoot, 201-202, 202, 202 1 
Club hair, 119 ,119 
Coccygeal ligament, 374, 375 
Coccygeal vertebrae, 167-168, 167- 

175, 172, 173 
Coccyx, 172, 173, 339 
male, 707 

Cochlea, 434, 471, 471^73, 473 
auditory function, 475, 476-477 
Cochlear duct, 473, 473, 492 
Coelom, 17, 91, 97 
prenatal development, 514, 514 
Cognition, 423 
Cold reeeptors, 444, 444 
thermoreeeptors, 461 
Collagen diseases, 64 
Collagenous fibers, 63-64, 64 
Collarbone, 185, 185 
Collateral ligaments 
ankle, 228, 229 
knee, 226, 226-227 
Collecting duct, 689, 689, 690, 695 
prenatal, 699 
Colles fracture, 202í 
Colliculi, 407, 409 
inferior, 407, 409, 420, 475, 476 
superior, 490, 490 
Colon 

anatomy, 671, 672, 673, 687 
aseending, 655, 657, 671, 672, 673 
deseending, 341, 584, 655, 657, 
611,672 


sigmoid, 341, 342, 655, 657, 671, 672 
transverse, 341, 584, 655, 657, 
611,672 
vagus nerve, 435 
veins, 589 

Colony-forming units (CFUs), 525, 

525, 531 

Color blindness, 493í 
Color vision, 487 
Columnar eells, 27, 28 
simple epithelia, 51,59, 59 1, 670 
stratified epithelia, 51,60, 60 1 
Columns (funiculi), spinal eord, 

374, 375 

Commissural traets, 416, 417 
Commissure(s) 
eerebral, 401, 416-417, 417 
gray, 374, 375 
lateral, 331 
medial, 331 

medial and lateral, 480, 480 
Comparative anatomy, 3 
Compartments 

lowerlim, 313-315, 313í-315í 
upper limb, 294, 295 
wrist and hand, 303í-306í, 304-306 
Compartment syndrome, 294 
Complement proteins, 522, 522 1 
Complete blood count (CBC), 532 
Complicated plaques, 603 
Compression ateleetasis, 643 
Compressor urethrae muscles, 

287r, 288 

Computed tomography (CT), 4, 5 
Concentric lamellae, eompaet bone, 

136 ,137 
Conception, 87 
Conceptus, 87, 89 
implantation, 95 
Concha, 470-471 
Conchae, nasal, 633, 634-635 
Concussion, 438í 
Conduction 

eardiae conduction system, 

552-553, 553 
spinal eord, 372 
Conduction deafness, 474 
Conductivity 
muscular, 237 
neuronal, 353 
Condylar eanal, 161 
Condylar joints, 212, 272 
Condyles of bone 
femoral, medial and lateral, 195, 
795, 347 

mandibular, 165 ,165 
tibia, medial and lateral, 197, 797 
Cones, 486-489, 487-489 
Congenital anomaly, 100 
hands and feet, 201-202, 202, 202 1 
Congestive heart failure, 560í 
Conjunctiva, 480, 481 
Conjunctival sae, 481 
Connective tissue, 63-71 
fibrous tissue, 63-66, 63-67, 
63t-66t 

gonads, 510, 510 
rmiseles, 237-238, 238 
nasal, 635 

root sheath, 777, 118 
teeth, 660-661, 660-661 


Conotruncus, 557, 558 
Consciousness, 410 
Constrictors, pharyngeal, 663 
Contact digestion, 669 
Continuous ambulatory peritoneal 

dialysis (CAPD), 700 
Contractile proteins, 246 
Contraction, muscular, 250-251, 252 
Contracture, 260í 
Contralateral reflex, 393, 393? 

Conus medullaris, 372, 373 
Converging neural circuit, 364, 364 
Convoluted tubules, 690 
Coracohumeral ligament, 221-223, 

225 

Cord blood transplants, 526 
Cornea, 481, 482-484, 482-484, 493 
Coronal suture, 156, 158, 160 
Corona radiata, 426, 720 
Coronary artery disease, 551, 557 
Coronary atheroselerosis, 551, 557 
Coronary circulation, 549-552, 

550-551 

Corpora quadrigemina, 407, 409 
Corpus albieans, 777, 721 
Corpus callosum, 399, 400-401, 415, 

426, 714, 714 
veins, 580 

Corpus cavernosum, 342, 706-161 
Corpus luteum, 502, 503?, 504, 717, 

719, 721 

Corpus spongiosum, 342, 697, 

706-161, 714, 714 
Corpus striatum, 419, 479 
Corrugator supercilli muscle, 270?, 

277 

Cortex 

adrenal (See Adrenal cortex) 
assoeiation, 419, 420 
auditory, 419, 420, 476 
hairmatrix, 117 
primary, 419 ,420, 476 
vestibular, 479 
Cortical granules, 86, 87 
Cortical nephron, 690, 694 
Corticomedullary junction, 687, 689 
Corticospinal traets, 406, 407-408 
anterior, 375 376, 376?, 377, 

378, 379 

lateral, 375 376, 376?, 577, 378, 379 
Corticosteroids, 507-508, 508, 511? 
Corticotropin-releasing hormone, 501, 

502, 502?, 504 
Cortisol, 508, 508, 511? 

Costal groove, 174, 774 
Costal margin, 173, 338 
Costal surface, 640 
Costovertebral joint, 178, 178-179 
Countercurrent heat exchange, 705, 

706-707 

Cowper’s gland, 706-707, 713 
Coxal (hip) joint, 224, 225 
Cranial eavity, 17, 155, 157-158, 159 
Cranial nerves, 401, 403, 404, 406, 

407-408, 409, 427, 427-437, 
429?. See Cranial nerves 
abducens (VI), 427-428, 432, 481 
aeeessory (XI), 427-428, 436 
aids to memorizaiton of, 437 
auditory function, 475, 476 
elassifieation, 427?-437?, 437 
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Cranial nerves (eontimied) 
digestive system, 433-434, 447, 
655-656, 656 

disorders, 431, 438-439, 438t 
eye, 482 

faeial (VIII), 427-428, 433, 450, 
451, 468, 468, 472 
glossopharyngeal (IX), 427-428, 
434, 444, 450, 451, 646-647 
hypoglossal (XII), 427-428, 436 
oculomotor (III), 427-428, 430, 

450, 451, 481 

olfaetory (I), 427^129, 429 1 
optie (II), 427-429, 481, 482-484, 
482^184, 487-490, 487-490 
pain signals, 465 
pathways, 428, 437 
respiratory function, 646-647 
taste and, 468, 468 
trigeminal (V), 427-428, 431-432 
troehlear (IV), 427-428, 430, 481 
vagus (X), 427^28, 435, 444, 446, 
450, 451, 452 

vestibular projeetion pathways, 

479, 479 

vestibulococclear (VIII), 427-428, 
434, 475, 479, 479 
Craniosynostosis, 179í 
Cranium, 155, 159, 332 
Cribriform plate, 157, 163, 163, 

429, 634 

Crista ampullaris, 478, 478 

Cristae, 46 

Crista galli, 163, 163 

Crohn disease, 680í 

Cross-bridging, excitation-contraction 

coupling, 251, 252 
Crossed extension reflex, 393, 393 1 
Cross seetion, tissue, 55, 56 
Crown-to-rump length (CRL), 96 
Crura, 724, 725 
Crural region, 16, 193 
Crus, 706-101 , 714 
Crush syndrome, 260í 
Crutch paralysis, 388 
Cryptorchidism, 715, 132t 
Crypts of Lieberkíihn, 670, 670 
Cuboidal eells, 27, 28 
alveoli, 641, 642 
simple epithelia, 57, 58, 58í 
stratified epithelia, 57, 61, 61 1 
Cumulus oophoms, 719-720, 720 
Cuneate fasciculus, 376-377, 316t, 378 
Cupula, 478, 478 
Curvatures 

stomaeh, 664, 665-666 
vertebral column, 168, 168, 169 
Cusps, 661 

Cutaneous glands, 120-122, 121, 

122 1. See also Sebaceous 
glands; Sweat glands 
Cutaneous membrane, 78 
Cutaneous nerves, 386, 386 1 
Cutaneous vasoeonstrietion, 109 
Cutaneous vasodilation, 109 
Cuticle, 120 ,120 
Cyanosis, skin eolor and, 115 
Cystic duct, 676, 677 
Cystitis, 696 
Cytogenic glands, 75 
Cytokinesis, 50 


Cytology, 2, 25-50 
mieroseopy, 26-27,27 
Cytoplasm, 30 
Cytoskeleton, 30, 40, 41 
Cytosol, 30 

Cytotrophoblast, 88 ,90 

D 

Dander, 112 

Daughter ehromosome, mitosis, 48 

Day vision, 487 

Dcubitus ulcers, 80 

Deafness, 474 

Decidual eells, 95 

Deelarative memory, 424 

Decussation, spinal traets, 375, 376, 

316t, 378 

Deep faseia of penis, 707, 714 
Deep perineal spaee, 287í, 288 
Deep transverse perineal rmiseles, 

287í, 288 

Degenerating pronephros, 699 
Dehydroepiandrosterone 

(DHEA), 508 

Delayed onset muscle soreness, 260í 
Delta eells, 509, 509 
Dendrites, 72, 12t, 73, 354, 355 
olfaetory, 469, 469-470 
Dendritie eells 
Langerhans, 111, 777 
vaginal, 724 

Dendritie spines, 411,418 
Dens (vertebrae), 170, 170 
Dense bodies, smooth muscle, 255 
Dense eonneetive tissue, 64, 66, 661 , 61 
Denticulate ligaments, 374, 375 
Dentin, 660-661, 660-661 
Dentition, 660-661, 660-661 
Deoxyribonuclease, 678t 
Depression 
of mandible, 2X1,218 
synovial joints, 214, 215 
Depressor anguli oris muscle, 

271, 212t 

Depressor labii inferioris muscle, 

271, 212t 

Dermal papillae, 112, 117 
Dermatology, 109 
Dermatome, 92 
Dermatomes, 391, 391 
Dermis, 109 ,110 
structure, 112-113 ,113 
Deseending spinal traets, 375, 376, 

316t, 378, 379 
Desmosomes, 38-39, 39 
Desquamation, 62, 62 
Developmental plastieity, 50 
Dextrocardia, 6 
Dialysiis, 700 
Diaphragm 

abdominal region, 17, 334, 337, 
340-341, 446, 541, 574, 

666, 685 

blood vessels, 574-575 
digestive traet, 655 
pelvie, 287í, 288 
pulmonary ventilation, 643-644, 
644, 646 

respiratory region, 279, 219t, 280 1 


respiratory system, 631 
urogenital, 697 
Diaphysis, 133 
Diarthroses, 209, 229 1 
Diastolie eontraetion, 555, 555-556 
Dieneephalon, 366, 366, 413-415, 

414, 425 1, 493 

Differentiation, tissue ehanges, 79 
Diffusion, membrane transport, 

33-36, 34-35 

Digestive system, 9, 11, 654-681 
aeeessory glands, 673 
aging, 678, 680 
anatomy, 654-655, 655 
circulation, 656-657 
diseases, 680-681, 680í 
functions, 654 
innervation, 655-656, 656 
liver function, 614t 
mouth through esophagus, 658-663 
prenatal development, 678, 679-680 
Digestive traet, 654-655, 655 
peritoneum and, 657-658 
prenatal development, 514, 514 
tissue layers, 656 
Digital rays, 200-201, 201 
Digital reetal examination, 713 
Diploe, 134, 134, 160 
Diploid eells, 85, 709, 77 0 
Direet attaehment, skeletal muscle, 

239-240, 240 
Diseoid eells, 28, 28 
Disjunction, ehromosomal, 

100 - 102 ,101 
Disloeations 
elbow, 224, 224 
joint(s), 231 1 
shoulder, 223-224 
vertebrae, 179-180 ,180 
Disseeting aneurysm, 566, 566 
Disseetion, 4, 4 
Disseminated intravascular 

coagulation (DIC), 535í 
Distal convoluted tubule (DCT), 

689-690, 695, 699 
Diverging neural circuit, 364, 364 
Diverticulitis, 680t 
Dopamine, 507, 508 
Dorsal aorta, 601, 601-602 
Dorsal artery, 199 
Dorsal interosseous muscles, 308, 

309 1, 3221, 323 
Dorsal nerve, 199 
Dorsal respiratory group, 645, 646 
Dorsiflexion, 219, 279 
Dorsum, 13, 199 
hand, 344 

Dorsmn nasi, 331, 635 
Dorsmn sellae, 157, 161 
Down syndrome, 101-102 ,102 
Drugs 

autonomic nervous system, 455 
metabolism, 674í 
Dry gangrene, 80 

Dual-energy X-ray absorptionmetry 

(DEXA), 147 
Ducts, glands, 75-78 
Ductus arteriosus, 557, 558-559, 559, 

601, 601-602, 604 

Ductus deferens, 335, 705, 706-708, 712 
prenatal development, 728, 730 


Ductus venosus, 604 
Duodenal glands, 616, 670, 670 
Duodenal papilla, 668, 669-670, 676, 

676-677 

Duodenojejunal flexure, 667-670, 

668-670, 676, 676-677 
Duodenum, 336, 341, 667-670, 

668-670, 676, 676-677 
Duplicity theory, 488 
Dmal sheath, 373, 374 
Dmal sinuses, 402, 402 
Dma mater, 373, 374, 472 
Dynamie equilibrium, 475-478, 

476-478 
Dynein, 37-38 
Dynorphins, pain and, 466 
Dyskinesias, 422 
Dysmenorrhea, 734í 
Dysphagia, 680t 
Dyspnea, 559 
Dystrophin, 246 



Ear 

anatomy, 470-474, 470-474 
auditory function, 474-475, 475 
auditory projeetion pathways, 472, 
475, 476-477, 476-478 
development of, 491, 492 
inner ear, 472-473, 472-474 
middle ear, 471-472, 471-472 
outer (external), 470-471, 

470-471 

vestibular apparatus, 475-478, 
476-478 

vestibular projeetion pathways, 

479, 479 

Earlobe, 470-471 
Eeerine glands, 76-77, 120, 

121 ,121 

Eetoderm, 89, 90, 921, 678, 679-680 
eye development, 491, 493 
Eetopie pregnaney, 89, 734í 
Edward syndrome, 101 
Effeetors, nervous system, 352, 353 
autonomic nervous system, 445 1 
Efferent ductules, 706-708, 712, 728 
Efferent nerve fibers, 381, 381 1, 392 
Efferent pathways, 411, 412 
somatie vs. autonomic, 445, 

445, 445 1 

Effort, muscular, 241, 241 
Egg (ovmn), 704, 717, 718-719 
Egg eell, 510, 510 
Ehlers-Danlos syndrome, 64 
Ejaculatory duct, 706-191, 712 
Elastie eartilage, 68, 69, 69 1, 70 
Elastie fibers, 64 
Elastieity, muscles, 237 
Elastie tissue, 67 
Elastin, 64, 67 
Elbow 

injmies, 224, 224, 325 1 
joints of, 223, 223-224, 229 1 
pulled elbow, 224, 224 
Eleetrieal synapses, 363 
Eleetroeardiogram, 555 
Eleetrolytes, 661 
in plasma, 522, 522í 
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Eleetron mieroseopy, 26, 27 
Eleidin, 112 

Elevation, synovial joints, 214, 275 
Embolism, 535í 
air embolism, 579 
Embryo, 90 

limb rotation in, 200-201, 201 
muscle development in, 257-258, 
25S 

Embryoblast, 88 ,90 
Embryogenesis, 88 ,90 
Embryology 

gametogenesis and fertilization, 
85-87, 87 

prenatal development, 87-99 
Embryonie dise (blastodise), 88 ,90 
Embryonie folding, 90-92, 91 
Embryonie stage, prenatal 

development, 87, 88/, 90-96, 
91-96 

Embryonie stem (ES) eells, 50 
Emotional responses, 415, 423 
Emphysema, 649 
Empty sella syndrome, 500 
Enamel, tooth, 660-661, 660-661 
Encapsulated nerve endings, 462, 

462/, 463 
Eneephalitis, 438/ 

End bulb, 462, 462/, 463 
Endemie goiter, 515, 515 
Endoeardial heart tubes, 557, 558 
Endocardium, 543, 543-544, 544, 546 
Endoehondral ossifieation, 139-140, 

141 

Endoerin dismptors, 715 
Endoerine eells, in tissues and organs, 

510-511,511/ 

Endoerine glands, 75, 75-78, 498- 

499, 499, 512-514, 513-514. 
See also speeifie glands 
eomparative anatomy, 498-499, 499 
prenatal development, 512-514, 
513-514 

Endoerine system, 9, 11, 497-516 
aging and, 514 
disorders, 515, 516/ 
nervous system and, 352, 352, 
498-499 

overview, 498-499, 499 
Endoerinology, 498-499, 499 
Endoeytosis, 35 

Endoderm, 89, 90, 92/, 678, 679-680 
Endolymph, 473 ,478 
Endolymphatie sae, 472 
Endometrial gland, 723 
Endometriosis, 734/ 

Endometrium, 718, 722, 722 
Endomysium, 237, 238 
Endoneurium, 360, 380, 381-382 
Endoplasmie reticulum (ER), 43, 44 
Endostemn, 133 
Endothelial eells, 568-569, 693 
liver, 675 
Endothelium 
blood vessels, 564, 565 
eapillary, 569, 692 
Enkephalins, pain and, 466 
Enterie hormones, 510, 512/ 

Enterie nervous system, 442, 452 
digestive traet, 656, 656 
Enteroeytes, 669, 669-670 


Enteroendoerine eells, 664, 667/ 
Enzymes, membrane proteins, 32, 33 
Eosinophils, 521, 521, 522/ 
structure, 527, 527-528, 528/, 
529-530 

Ependymal eells, 357/, 358, 358 
Epiblast, 88, 90 

Epieardmm, 17, 543, 543-544, 546 
Epieondyles 
femoral, 195, 195, 347 
humerus, 187, 187, 344 
Epidermal ridges, 112 
Epidermal water barrier, 109, 112 
Epidermis, 109 ,110 
eells of, 110-111,777 
layers, 777, 111-112, 114/ 
Epididymis, 335, 342, 706-708 
duct, 712 

prenatal development, 728, 730 
Epidural anesthesia, 373 
Epidural spaee, 373, 374 
Epigastrie region, 16 
Epiglottis, 332, 467, 631, 634, 635, 

636-637 
Epilepsy, 438/ 

Epimysium, 238, 238 
Epinephrine, 507, 508 
Epineurium, 380, 381-382 
Epiphyseal fracture, 202/ 

Epiphyseal plate, 133, 140 
Epiphysis, 133 

Epithalamus, 413-415, 414, 425/, 426 
Epithelia, 28 

simple epithelia, 57, 58/—59/ 
stratified epithelia, 51,60, 60/ 
Epithelial root sheath, 777, 118 
Epithelmm, 56-62, 57-62 
eell replaeement, 667 
large intestine, 671 
olfaetory, 469, 633, 634-635 
pigment, 483, 486-489, 487-489 
respiratory, 59, 633, 634-635 
stomaeh, 666 
stratified squamous, 656 
traeheal, 639 
Eponychium, 120 ,120 

Eponyms, medieal terminology, 20 
Equatorial plane, meiosis, 710 
Equilibrium, 420 
dynamie, 475-478, 476-478 
statie, 475-478, 476-478 
vestibular apparatus, 475-478, 
476-478 

vestibulococclear (VIII) nerve, 434 
Ereetile tissue, 633, 634-635, 714 
Erythema, 115 

Erythroeytes, 71, 520-521, 521, 522/, 

523-526, 523-526 
eapillaries, 568-569 
disorders, 534-535, 535/ 
glomerulus, 693 
hepatie shmsoid, 675 
prenatal development, 601, 601 
Erythroeytosis, 534, 535/ 
Erythropoiesis, 525, 525 
disorders of, 534, 535/ 
Erythropoietin (EPO), 510, 512/ 
Esehar tissue, 127 
Esophageal gland, 656, 663 
Esophageal hiatus, 656, 663 
Esophageal sphineter, 663 


Esophagus, 332, 336, 337, 340, 631, 

634, 655, 665 
anatomy, 663 
parathyroid gland, 507 
prenatal development, 513, 680 
ulcers, 668, 668 
Estrogens, 508, 508, 509-510, 

510, 512/ 
mimies, 715 

Ethmoidal eells, 163 ,163 
Ethmoid sinus, 155, 755, 159, 

163 ,163 
Emnelanin, 114 

Eustachian tube, 471-472, 471-472 
Eversion, of foot, 219, 279 
Excitability 
muscles, 237 
neurons, 353 
Excitable tissues, 72-74 
Excitation, muscular, 251 
Excitation-contraction coupling, 251 
Excretion, 686 

Excursion, of mandible, 217, 218 
Exfoliation, 62, 62 
Exocrine aeinar eells, 677, 677 
Exocrine glands, 75-76, 75-78, 

498-499, 499 

eomparative anatomy, 498-499, 499 
seeretions, 76, 77 
simple and compound, 76, 77 
Exocytosis, 35, 35 
Expiration, 631 
Exploratory surgery, 4 
Extensibility, muscular, 237 
Extension of joints, 213, 274 
Extensor(s) 
neek, 277/ 

retinaculum, 303/, 316/, 318 
Extensor spasms, 394 
External acoustic meatus, 160 ,161 
External anal sphineter, 287/, 288 
External genitalia, 704, 704/, 724 
prenatal development, 727, 728- 
730, 730 

External os, 718, 722 

External urethral orifiee, 696, 697 

External urethral sphineter muscle, 

287/, 288 
Exteroceptors, 461 
Extracellular faee, 30-31 
Extracellular fluid (ECF), 30 
tissue, 54 

Extracellular matrix, primary tissue, 

54 

Extracorporeal membrane 

oxygenation (ECMO), 648 
Extraembryonic membranes, 92-95, 

94 

Extra nipples, 122 
Extrinsic muscle, 241 
Eyeball, 429 

anatomy, 482-484, 482—484 
Eyebrow, 480, 480 
Eyelashes, 480, 481 
Eyelids, 480, 480, 493 
Eye(s), 480-490. See also Retina 
development, 491, 493 
image formation, 485, 486, 486/ 
movements, 430 
rmiseles, 482 

neural eomponents, 484-485, 485 


oculomotor nerve, 430 
optieal eomponents, 483-484, 
483-484 

visual projeetion pathways, 489- 
490, 490 

F 

Faeets of bone 

articular, patella, 195, 196-197 
eostal, 171, 172 
inferior articular, 169-170, 170 
ribs, 174 ,174 

vertebrae, 169-170, 170-171, 172 
Faeial muscles, 268, 268-269, 

268/-271/, 277 
Faeilitated diffusion, 34, 34 
Faetor XII, 534 
Fallopian tube, 721 
gametogenesis, 85-86 
Falseribs, 174,774 
Falx eerebelli, 402, 403 
Falx eerebri, 402, 402 
Faseia 
breast, 726 
spermatie eord, 707 
Faseia adherens, 554, 554 
Faseieles 

nerves, 380, 381-382 
olfaetory nerve, 469, 469-470 
skeletal muscle, 238, 238-239, 247/ 
Fast glyeolytie muscle fibers, 253- 

254, 253/, 254/ 

Fast-twitch muscle fibers, 253-254, 

253/, 254/ 

Fat 

adipose tissue as, 67-68, 68, 68/ 
epieardial, 544 
in heart, 542 
hormones and, 504 
subcutaneous fat, 113-114, 341 
Fat eells, 63 
Fat pad, larynx, 636 
Fauces, 658 
Feees, 673 

Female reproductive system, 9, 77, 

715-734 
aging, 731 

disorders of, 732, 734/ 
gonads, 499, 509-510, 510 
prenatal development, 727, 728- 
730, 730 
Female(s) 

baek and gluteal region, 339 
bladder anatomy, 697, 697 
pelvie eavity, 342 
pelvis, 193, 794, 194/ 
retroperitoneal viseera, 336 
thorax and abdomen, 338 
trank, anatomy, 333 
urinary traet, 685, 686, 716 
Femoral region, 16, 193 
Femur, 193, 195-196, 195-196, 337 
fractures, 196, 196 
greater troehanter, 339 
Fenestration 
eapillaries, 568, 569 
liver, 675 

Fertilization, 86, 86-87 
membrane, 86, 87 
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Fetal aleohol syndrome (FAS), 103 
Fetal breathing, 647, 648 
Fetal circulation, 604 
Fetal stage, 96, 97-98, 99, 99? 

prenatal development, 87, 88? 
Fibers, 63-64 

muscle, 236, 236, 244-247, 
244-247 
Fibrillin, 67 
Fibrin, 533, 533-534 
plasma, 522, 522? 

Fibrinogen, 533, 533-534 
plasma, 522, 522? 

Fibroblasts, 63 

Fibroeartilage, 68, 69, 69 1, 70 
hip joints, 224, 225 
Fibrosis, 80, 649 
Fibrous aetin, 245, 245 
Fibrous capsule, 686-687, 687-688 
Fibrous eells, 28, 28 
Fibrous eonneetive tissue, 63-66, 

63-67, 63t-66t 
Fibrous joints, 206, 207 
Fibrous rings, 544, 546 
Fibrous skeleton, 544, 547 
Fibula, 197, 197, 347 
Fibularis tertius tendon, 316í, 317 
Fight-or-flight reaetion, 443 
Filiform papillae, 466, 467 
Filtration 

membrane transport, 33-36, 34-35, 
692, 693 

pores, 568, 569, 693 
slits, 691, 692, 693 
Filtration pores, 33 
Fimbriae, 716-718, 721 
Fingers (digits), 16 
anatomy, 344 

movements of, 217, 218, 219 
First-elass lever, 242, 243 
First-degree burns, 127, 127 
First gap (G^) phase, eell eyele, 47 
Fissures 

horizontal, 639, 640 
inferior orbital fissure, 164, 164 
longitudinal fissure, 399, 400-401, 
415 ,426 
oblique, 639, 640 
oral, 658 

palpebral, 480, 480 
superior orbital, 162, 162, 430, 432 
transverse eerebral fissure, 399, 
400-401 

Fixative, tissue seetions, 54-55 
Fixator muscles, 241 
Flagella, 38 
Flat feet, 202 1 
Flexion 

offoot, 219,279 

hand and fingers, 211,218, 219 

of head, 217, 218 

of joints, 213, 214 

Flexion lines (ereases), 116, 344-345 
Flexor(s) 

earpal tunnel syndrome, 307, 307 
neek, 211t 
reflex, 393, 393f 
reticnaculum, 188, 303 1, 307 
spasms, 394 

Floating kidney, 687, 700 
Floating ribs, 174-175 ,175 


Folia, 410, 411-412 

Foliate papillae, 467, 467, 659, 659 

Follieles, ovarian, 716-717, 716-717, 

719-720 720 

Follicle-stimulating hormone, 501, 

502-503, 503r, 504, 509-510, 
510 

Follicular eells 

ovarian, 716-717, 716-717, 720 
thyroid anatomy, 506, 506, 566 
Folliailar fluid, 719 
Folliculogenesis, 717, 718-719, 720 
Fontanels, 176, 777 
Food and water intake, 415 
Foot 

anatomy, 347-349 
development, 200-201, 201 
movements of, 219, 279 
muscles of, 316t-323í, 317-321, 

323 

Foot proeesses, 691, 693 
Foramina, 155, 755, 159í 
apieal, 661 

eribriform (olfaetory), 163, 

163, 429 

greater palatine, 163, 165 
infraorbital, 164 
interventricular, 403, 404 
intervertebral, 169 ,170 
jugular, 161 ,434-436 
laeenrm, 162 ,162 
magnum, 757, 161, 332, 436 
mandibular, 165, 765 
mastoid, 161 
mental, 165 

obturator, 190, 797-792 
olfaetory, 468, 469-470 
optie, 429 

ovale, 162, 162, 557, 558-559, 604 
parietal, 156, 160 
rotundum, 162 ,162 

saeral, 772, 172-173 

spinosum, 162, 162 

stylomastoid, 757, 161, 433 
supraorbital, 160 
transverse, 171, 777 
vertebral, 169 ,169 
zygomatieofaeial, 165 
Forearm 
anatomy, 344 
muscle, 301í-302r, 302 
Forebrain, 366, 366, 413-426 
functions, 425 1 
structures, 425, 426 
Foregut, 656-657, 678, 679-680 
Forelimb, evolution of, 188, 190 
Formed elements, blood, 71, 520-521, 

527, 522 1 
Forniees, 718, 724 
posterior and anterior, 77 6-717 
Fossae 

eoronoid, 187, 187-188 
eranial, 159 ,160 
cubital, 344 
iliae, 191,792 
infraspinous, 186 ,186 
intereondylar, 195, 795 
laerimal, 165 
mandibular, 160 ,161 
nasal, 163, 163, 633, 634-635 
oleeranon, 187 ,187 


ovalis, 546, 601, 602, 604 
popliteal, 314, 315í, 346, 348 
radial, 187 ,187 
subscapular, 186 ,186 
supraclavicular, 331, 338 
suprascapular, 186 ,186 
supraspinous, 186, 186 
triangular, 470-471 
Fourth-degree burns, 127, 727 
Fovea eapitis, 193, 195, 795 
Fovea eentralis, 482-484, 482-485 
Fractures 
avulsion, 202r 

elassifieation, 145, 145 1, 146 ,146 
clavicular, 185 
Colles fracture, 202í 
contrafissura, 179-180 ,180 
depressed, 179-180 ,180 
epiphyseal, 202r 
femoral, 196 ,196 
healing proeess, 146 ,146 
LeFort, 179-180 ,180 
linear, 179-180 ,180 
oxalate intake and, 145 
Pott fracture, 202? 
skull, 179-180, 180 
vertebral, 179-180 ,180 
Freekles, 116 

Free edge (nails), 119-120 ,120 
Free nerve endings, 461-463, 

462, 462 1 

Freeze-fracture method, 26 
Frenulum, penis, 713, 714 
Frietion ridges, 112, 116 
Frietion rub, 543 
Frons, 331 

Frontalis muscle, 270?, 277 
Frontal lobe, 400-401, 416, 425?, 

426, 427 

Frontal plane, 12, 72, 331 
Frontal (eoronal) plane, 12, 72 
Frontal sinus, 155, 755 
Fulcrum, muscles, 241, 241 
Full-thickness burns, 127, 727 
Functional magnetie resonanee 

imaging (fMRI), 5 
Functional morphology, anatomy 

and, 2 
Fundus 

eyeball, 484, 485 
female reproductive traet, 77 8 
gallbladder, 676, 676-677 
stomaeh, 664, 665-666, 667, 667? 
uterus, 77 8, 721-722, 722 
Fungiform papillae, 467, 467, 

659, 659 

Fusiform eells, 28, 28 
Fusiform muscles, 238-239, 239 


G 

Galea aponeurotica, 270? 
Gallbladder, 334, 341, 585, 589, 655, 

657, 674 

anatomy, 676, 676-677 
Gallstones, 677 
Gametes, 85, 704 
Gametogenesis, 85-86 
Gamma globulins, 522, 522? 


Ganglia, 353 
anatomy, 382, 382 
basal ganglia, 419, 419 
eiliary, 430, 450, 451 
eoeeygeal, 447 
eollateral (prevertebral), 449, 

449, 450? 
geniculate, 433 
inferior, 434 
intramural, 450 
mesenterie, 449, 449 
otie, 434, 450, 451 
parasympathetie, 656 
paravertebral, 446 
pterygopalatine, 450, 451 
retina, 486-489, 487-489 
saeral, 447 

spiral ganglion of eoehlea, 472-473, 
474 

superior, 434 

sympathetie ehain, 446, 446-447 
terminal, 444, 450, 451 
thoraeie, 446 
trigeminal, 432 
vestibular, 434, 472 
Ganglion eells, 487, 488 
Gangrene, 80 
Gap junctions, 38, 39, 40 
Gases, blood, 522, 522? 

Gas exchange, respiratory system, 631 
Gastrie glands, 664, 665-666, 

667, 667? 

Gastrie lipase, 664 

Gastrie pit, 664, 665-666, 667, 667? 

Gastrie rugae, 665 

Gastrin, 510, 512? 

Gastritis, 668, 668 
Gastroduodenal sphineter, 664, 665- 

666, 667, 667? 

Gastroesophageal reflux disease, 663 
Gastrointestinal bleeding, 681 
Gastmlation, 89, 90 
Gated ehannels, 33, 33 
Gaze eenters, 410 
G eells, 667 

Gemelhrs superior and inferior 

muscles, 311?, 312 
Genetie anomalies, 100-102 
Genitalia, 704, 704? 

Genitoglossus muscle, 273 
Germ eells, 510, 510 
male, 707, 708, 709, 779-712 
Germinal epithelium, 707, 708 
Germinal matrix, 123-124 ,124 
Germinative layer, 123 ,123 
Germ layers, derivatives, 89, 90, 92? 
Gestation, 87 
Gestational diabetes, 734? 

Ghrelin, 510, 512? 

Gingiva, 207, 208, 660-661, 660-661 
Gingivitis, 661 
Glabella, 160 
Gladiolus, 173, 174 
Glands 
anatomy, 75 

prenatal development, 124 ,124 
tissue, 75-78 
Glans, 342 
female, 724, 725 
male, 713-715, 714, 729 
Glans (penis), 706-161 
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Glaucoma, 484 

Glenohumeral joint, 185, 221-223, 223 
Glenohumeral ligament, 221-223, 223 
Glenoid eavity, 186 ,186 
Glenoid labrum, 221-223, 223 
Glial eells. See Neuroglia (glial eells) 
Globin proteins, 524, 524 
Globular aetin, 245, 245 
Globulins, plasma, 522, 522r 
Globus pallidus, 419, 419, 426 
Glomeralar capsule, 690, 691, 699 
Glomeralar filtration, 691, 691 
Glomerulus, 687, 688-690, 693 
olfaetory system, 469, 469-470 
Glottis, 636, 636 
Glucagon, 509, 509 
Glucocorticoids, 508, 508 
Glutamate, 362-363, 363 
Gluteal fold, 339 
Glyeemie eontrol, muscles, 237 
Glycocalyx, 31, 36, 38 
Glyeogen 

eardiae muscle, 554, 554 
muscle fiber, 245 
Glyeolipids, 31 
Glyeoproteins, 32 
Glyeosaminoglyeans, 64 
Goblet eells, 57 
nose, 633, 633-635, 638-639 
small intestine, 669, 669-670 
Goiter, 515, 575 
Golgi complex, 43, 44-45 
Golgi vesiele, 43 

Gomphoses, 207, 208, 21 ìt, 660-661, 

660-661 

Gonadal ridge, 727, 728-730 
Gonadotropin-releasing hormone, 

501, 502, 502í, 504 
Gonadotropins, 502-503, 503 1, 504 
Gonads, 499, 509-510, 510, 704, 704í 
deseent of, 730, 730 
Gout, 231? 

Graafian follieles, 720 

Graeile fasciculus, 376-377, 377-378 

Grafts, skin, 128 

Granular (juxtaglomerular) eells, 

694, 695 

Granule eells, 410, 411-412 
nonspeeifie granules, 527 
olfaetory system, 469, 469-476 
speeifie granules, 527 
Granulocytes, 521, 521, 522 1, 527, 

528-529, 528í-529f 530 
Granulosa eells, 509-510, 510, 719, 

720, 720 

Gravitational foree, auditory 

projeetion pathway, 477, 
477-478 

Gray matter, 402, 403, 409, 426 
spinal eord, 374, 375 
Greater omentum, 18, 334 
Great vessels, systemie circuit, 541 
Groin, injury, 325? 

Gross anatomy, 2 

Ground substance, tissue, 54, 64 

Growth 

bones, 140-142, 141-142 
hair, 119,779 
tissue, 79 

Growth hormone, 501, 503, 503?, 504 
bone growth and, 144 


Growth hormone-releasing hormone, 

501, 502, 502?, 504 
Guard hairs, 471,477 
Gubernaculum, 730 
Guillain-Barré syndrome, 394? 

Gum disease, 661 

Gustation. See Taste 

Gyri, 399, 400-401, 415-416, 476, 

479 

taste and, 468, 468 
G-zero (G 0 ) phase, eell eyele, 47 

H 

H 2 reeeptor bloekers, 668 
Habituation, 410 
Hair bud, 123-124, 724 
Hair folliele, 116-118,777 
Hairmatrix, 117 
Hairpeg, 123-124, 724 
Hair(s), 116-119 
eolor and texture, 118, 118 

eyele, 119,779 

distribution and types, 116-117, 

118 

functions, 117, 117? 
growth and loss, 119, 779 
guard hairs, 471, 471, 480, 481, 633 
inner ear, inner and outer eells, 
473^474, 474-475, 477 
olfaetory, 468, 469-470 
prenatal development, 123-124, 724 
reeeptors, 117, 118, 462, 462?, 463 
stereoeilia, 473, 474, 477 
structure, 777, 117-118 
taste hairs, 467, 467 
vibrissae, 633 
Hallux, 198, 199, 799, 348 
Hamstring injuries, 316, 325? 
Hamulus, 188, 7 89 
Hand 

anatomy, 345 
bones of, 186, 188 ,189 
development, 200-201, 201 
movements of, 217, 27 8, 219 
muscles of, 308-309, 308?-309? 
palmar surface, 344 
tendons, 63-64, 64 
Haploid eells, 85, 709, 710 
Haptoglobulin, 522, 522? 

Hard palate, 164, 764, 631, 634, 658 
Harvey, William, 564 
Haustra, 671, 672 
Haversian eanal, 136 ,137 
Haversian system, 136 ,137 
Hawking, Stephen, 380, 380 
H bands (striated muscle), 246, 

246-247 

Head 

anatomy, 13, 74, 331 
arteries of, 576?-578?, 577-578 
median seetion, 332 
movements, 217, 27 8 
rmiseles of, 268, 277?-278?, 278 
veins, 579?-580?, 580-581 
Head bulge (embryo), 92, 97 
Hearing, 470-479 
binaural, 475, 476 
ear anatomy, 470-474, 470-474 
vestibulococclear (VIII) nerve, 434 


Heart, 335, 340, 446 
aging and, 558-559 
apex, 541, 541, 544 
atria, 340 

base, 541, 541-543 

blood flow pathway, 547-548, 549 

ehambers of, 545, 546, 547-548 

disease, 559, 560? 

endoerine eells in, 510, 512? 

fetal, 559 

gross anatomy, 543-545, 544-545 
lungs and, 642, 642-643 
nerve supply, 554-555 
position, size and shape, 340, 541- 
542, 541-542 

prenatal development, 557-558, 
558, 601, 601-602, 648 
respiratory system, 631, 647 
vagus nerve, 435 
wall of, 543, 543-544 
Heart bloek, 553 
Heart bulge, 92, 97, 680 
Heart tube, 257-258, 258, 679 
Heart valves, 546-548 
atrioventricular, 548-549 
blood vessels, 565 
left AV, 544, 546, 546, 549 
mitral, 546 
operation, 548-549 
right AV, 544, 546, 546, 547, 549 
semihmar, 546, 548 
tricuspid, 546, 547 
Heat 

muscle production of, 237 
thermoreeeptors, 461 

Helìeobaeter pylori, 668 

Helix (ear), 470-471 
Hemangiomas, 116 
Hematoerit, 521, 524 
Hematology, 520 
aging, 534 
Hematoma, 115 
Hematuria, 692 
Heme group, 524, 524 
Hemidecussation, 489-490, 490 
Hemidesmosomes, 39 
Hemiplegia, 394 
Hemoblasts, 601, 601 
Hemodialysis, 700 
Hemoglobin (Hb) 
eoneentration, 524 
structure, 524, 524 
synthesis disorders, 534, 535? 
Hemolysis, 526 
Hemolytie anemia, 534, 535? 
Hemolytie disease of the newborn, 

526 

Hemophilia, 535? 

Hemopoiesis, 524-525 
Hemopoietie stem eell (HSCs), 525, 

525, 531 

Hemopoietie tissue, 524-525 
Hemorrhagie anemia, 534, 535? 
Hemorrhoids, 671, 672 
Hemostasis, 533, 533-534 
Heparin, 63, 530 
Hepatie ducts, 675-676, 676-677 
Hepatie lobules, 673, 674-675 
Hepatie maerophages, 530 
Hepatie portal system, 589, 589?, 657, 

674-675 


Hepatie sinusoids, 675, 675 
Hepatie triad, 675, 676 
Hepatoeytes, 673, 674-675, 675 
eapillaries, 569 

Hepatopanereatie ampulla, 676, 677 
Hepatopanereatie sphineter, 676, 677 
Hepeidin, 510, 512? 

Heptatitis C, 732-733 
Herneated dises, 180, 180 
Hernias, 289, 289 
hiatal, 680? 

Hess, Walter, 423 
Hiatal hernia, 680? 

Hihirn, 639, 686-687, 687 
Hindbrain, 366, 366, 406, 413? 
Hindgut, 657, 679 
Hinge joints, 212, 213 
Hip 

bones, 190 ,191 

human and ehimpanzee, 193 ,193 
joints, 224-225, 225, 229? 
muscles, 310, 310, 310?-311?, 312 
Hippocampus, 418, 418 
olfaetory projeetion pathways, 470, 
470 

Hirsehsprang disease, 452 
Histamine, 63, 530 
Histologieal seetions, 54-55, 55-56 
Histology (mieroseopie anatomy), 2, 

54-81 

blood vessels, 564-565, 565 
endometrium, 722, 722 
retina, 487, 487 
Histopatholoy, 2 
Holoerine glands, 77, 78 
Homeostasis, 443 
Horizontal eells, 487, 488 
Horizontal plane, 12, 72 
Hormones, 75-78. See also 

Corticosteroids 
aging and, 514 
in blood, 522, 522? 
bone growth and, 144 
disorders, 515, 516? 
endoerine system and, 498-499, 
499, 501 
enterie, 510 
gonadal, 509-510, 510 
hypothalamie, 415, 501, 502, 502? 
insensitivity, 515, 516? 
metabolism, 674? 
parathyroid, 506, 507 
steroid hormones, 507-508, 508 
thymopoietin, 505, 505 
thymosin, 505, 505 
thyrmilin, 505, 505 
thyroid, 506 
trophie, 502-503, 503? 
tropie, 502-503, 503? 

Horner syndrome, 457? 

Horns (cornua) 
anterior (ventral), 374, 375 
eoeeygeal vertebrae, 173 ,173 
hyoid, 166 ,166 
lateral, 374, 375 
posterior (dorsal), 374, 375 
Horseshoe kidney, 698 
Human papillomaviras, 733 
Humeroradial joint, 223, 223-224 
Humeroulnar joint, 223, 223-224 
Humerus, 186-187, 187, 334 
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Huntington disease, 422 
Hyaline eartilage, 68, 69, 69t, 70, 638 
Hyaline membrane disease, 648 
Hyaloid eanal, 482-484, 482^484 
Hydroeortisone, 508, 508 
Hydronephrosis, 700t 
Hydroxyapatite, 135-136 
Hyerreflexia, 394 
Hymen, 724 

prenatal development, 728 
Hyoglossus muscle, 273 
Hyoid muscles, 275 1, 276 
Hyperadduction, 214, 275 
Hyperealeemia, 506 
Hyperemesis gravidarum, 93, 734í 
Hyperextension, joints, 213, 214 
Hyperopia, 486, 486? 

Hyperplasia, 79 

Hyperseeretion disrorders, 515, 516í 
Hypertension, 605? 

Hypertonie urine, 691 
Hypertrophy, 79 
Hyphoblast, 88, 90 
Hypoealeemia, 506 
Hypoehondriae region, 16 
Hypodermis, 109, 110 
structure, 113-114, 114í 
Hypogastrie (pubic) region, 16 
Hypoglossal eanal, 161 
Hyponyehmm, 120 ,120 
Hypoparathyroidism, 506 
Hypophyseal portal system, 500, 

501-502, 502-503, 503í, 504 
Hypophyseal pouch, 512-513, 

513-514 

Hypophysis. See Pituitary gland 
Hyposeeretion disorders, 515, 516í 
Hypospadias, 715, 132t 
Hypothalamo-hypophyseal traet, 

500,515 

Hypothalamus, 414, 415, 425 1, 

426, 499 

anatomy, 500, 501 
emotional responses, 423 
hormones, 502, 502í 
olfaetory projeetion pathways, 470, 
470 

prenatal development, 513 
respiratory function, 646 
viseeral reflexes, 444 
Hypothenar eminenee, 344-345 
Hypothenar muscle group, 

308, 309 1 
Hypoxemia, 648 

I 

I bands (striated muscle), 246, 

246-247 

Ileoeeeal junction, 669, 669-670 
Ileoeeeal valve, 669, 669-670 
Ileum, 589, 669, 669-670 
Iliae erest, 190, 191-192, 337-339 
Iliae spine, 191 ,192 
Iliofemoral ligament, 224, 225 
Iliopsoas muscles, 310, 310í 
Iliotibial traet, 311í, 313-314, 347 
Ilhrni, 190-191, 191-192, 333, 

337-338 

Image formation, 485, 486, 486 1 


Immunoglobulin A, 661 
Implantation, embryonie, 88 ,90 
Ineisive foramina, 164 ,164 
Inclusions, 46 
Ineontinenee, 698, 700t 
Incus, 166, 471, 471, 472, 472, 475 
Indireet attaehment, skeletal muscle, 

239-240, 240 
Infaretion, 80 
Infectious disease 
birth defeets and, 103 
skin and, 109 

Infectious mononucleosis, 535í 
Infeetive endoearditis, 559, 560t 
Inferior nasal eoneha, 163,763, 165 
Inferior palpebral sulcus, 331 
Inferior peduncles, 410-411, 411-412 
Inferior vertebral notehe, 169, 170 
Infertility, 713, 732? 

Infrahyoid muscle group, 27 5t, 276 
Infundibulum, 415 
female reproductive traet, 718, 721, 
727 

pituitary gland, 500 
Inguinal eanal, 289, 289, 705, 706- 

707, 730 

Inguinal hernia, 289, 289 
Inguinal region, 16 
Inguinal ring, 705, 706-707 
Inhibin, 509-510, 510, 512?, 707 
Inner-ear eavity, 155 ,158 
Inspeetion, anatomoieal, 3 
Inspiration, 631 

Insula, 400, 403, 416, 418, 425?, 426 
olfaetory projeetion pathways, 470, 
470 

taste and, 468, 468 
Insulin, 509, 509, 511? 

Insulin-like growth faetors (IGFs), 

503 ,504, 510,512? 

Integrating eenter, 392 
Integument, 109 
Integumentary system, 108-128 
aging, 125 

elinieal perspeetives, 123-128 
hair and nails, 116-122 
prenatal development, 123—124, 
123-124 

skin and subcutaneous tissue, 
109-116 

Interealated eells, 695 
Interealated dises, 73, 554, 554 
eardiae muscle, 254, 254-255, 255? 
Intereelhilar elefts, 568, 568-569 
Intereondylar eminenee, 197 ,197 
Intereostal nerves, 384, 384-385 
Interdigitating folds, 554, 554 
Interfusal fibers, 462, 462?, 463 
Intermaxillary suture, 155-157, 164 
Intermediate filaments, 40 
Intermediate layer, 123 ,123 
Intermediate muscle fibers, 253-254, 

253?, 254? 

Intermuscular septa, 294 
Internal genitalia, 704, 704? 
prenatal development, 727, 728- 
730, 730 

Internal os, 718, 722 
Interneurons, 354, 354 
Interoeeptors, 461 
Interosseous border, 187, 188 


Interosseous membrane, 187, 188, 

197, 797 

Interphalangeal joints, muscles and, 

303?-306?, 304-306 
Interphase, eell eyele, 47 
Interpubic dise, 190, 191-192 
Intersegmental reflex, 393, 393? 
Interstitial eells, 510, 510, 707, 708 
Interstitial fluid, 30 
tissue, 54 

Interstitial growth, bone elongation, 

143 

Interstitial lamellae, eompaet bone, 

136 ,137 

Intertroehanterie erest, 195 ,195 
Intertubercular sulcus, 186-187, 187 
Intervertebral dises, 167-168, 167- 

175, 169, 169, 332, 337, 342 
development, 777, 177-178 

herniation, 180 ,180 
Intestinal erypts, 670, 670 
Intestines. See also Large intestine; 

Small intestine 
eeliae circulation, 585 
regional anatomy, 334 
Inteumentary system, 9 ,10 
Intracapsular ligaments, 226, 226-227 
Intracellular faee, 30-31 
Intracellular fluid (ICF), 30 
Intramembranous ossifieation, 139- 

140, 140, 141 

Intramuscular injeetions, 315 
Intraperitoneal region, 18, 658 
Intravenous cannula, 592 
Intrinsie muscle, 241 
Invasive imaging, 4 
Inversion, of foot, 219, 279 
Inverted retina, 491, 493 
In vitro fertilization (IVF), 50 
Involuntary muscle eontraetions, 73, 

236 

Involution, pineal gland, 505 
Ionizing radiation, 4 
Ipsilateral reflex, 393, 393? 

Iris, 482-484, 482-484, 493 
Iron-defieieney anemia, 534, 535? 
isehemie phase, menstruation, 724 
Ischiocavernosus muscles, 287?, 288 
Isehiofemoral ligament, 224, 225 
Ischium, 190-191, 792 
Islets of Langerhans, 508-509, 509 
Isthmus 

female reproductive traet, 77 8 
thyroid gland, 505-506, 505-506 
uterine tube, 721 

J 

Jaundice, 115-116 

Jaw, temporomandibular joint, 220, 

227 

Jejunum, 15, 657, 668, 669-670, 676, 

676-677 

Joint capsule, 210, 210 
strength and tautness, 220 
Joint eavities, glenoid, 186 ,186 
Joint(s) 

acromioclavicular, 7 73, 185 
ankle, 228, 228-229 
atlantoaxial, 170 ,170 


atlanto-oeeipital, 170 ,170 
cartilaginous, 208, 209 
elassifieation, 206-208, 207, 209, 
211 ? 

elinieal perspeetives, 230-231, 
230-232, 231? 
eostovertebral, 7 78, 178-179 
disloeation, 230-231, 230-232, 231? 
elbow, 223, 223-224 
fibrous, 206, 207, 208 
glenohumeral, 185 
hip, 224-225, 225 
interphalangeal, 303?-306?, 
304-306, 344-345 
jaw joint, 220, 220 
knee, 225-228, 226-227 
metaearpophalangeal, 303?-306?, 
304-306, 344-345 
prostheses, 231, 232 
range of motion, 219-220 
saeroiliae, 772, 173, 190, 797-792 
shoulder, 221-223, 223 
skeletal system, 205-232 
sternoclavicular, 185,337 
synovial, 209-230, 229? 
temporomandibular, 165, 165 
Jugular noteh, 773, 174 
Junctional folds, 249 
Juxtaglomerular apparatus, 694, 695 
Juxtamedullary nephron, 689-690, 

689, 694 

K 

Kartagener syndrome, 38 
Keratin, 62 

epidermis, 110-111, 777 
skin function, 109 
Keratinized epithelium, 60, 62 
Keratinoey tes, 110-111,777 
life eyele, 112 
stratum spinosum, 111, 777 
Keratohyalin granules, 777, 111-112 
Kidney(s), 336, 341 
anatomieal variation, 6, 7 
anatomy, 685, 685, 686-687, 687 
aseent, 698 

developmental abnormalities, 698 
endoerine eells in, 510, 512? 
horseshoe, 698 
nephron, 689, 690, 690-695, 
692-693, 695 
perineal fat, 341 
prenatal development, 728 
renal circulation, 687, 688-689, 689 
renal innervation, 449, 689 
vagus nerve, 435 
Kidney stones, 696 
Killing zone, neutrophils, 529 
Kinetoehore, 48, 49 
Kinocilium, 476, 477-478 
Klinefelter syndrome, 100 
Knee 

anatomy, 346 
bones of, 195, 196-197 
injuries, 227, 227-228 
joint, 225-228, 226-227, 229? 
muscles, 313-315, 313?—315?, 346 
Kupffer eells, 530 
Kyphosis, 147, 147, 168 ,168 
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L 

Labia (lips), 331, 658-659 
Labial frenulum, 658, 658-659 
Labial glands, 659 
Labial mucosa, 659 
Labialserotal folds, 727, 728-730, 730 
Labia majora, 724, 725, 729 
Labia minora, 724, 725, 729 
Labiummajus, 342, 716-717 
Labmm minus, 342, 716-717 
Labyrinth, 163, 163 
Laerimal apparatus, 480, 480-481 
Laerimal eamnele, 480, 480-481 
Laerimal (tear) gland, 433 
Laerimal (tear) glands, 433, 480, 481 
Laerimal sae, 480, 481 
Laeteal eapillary, 669 
Lactiferous duct, 725-726, 726 
Lacunae, 68, 134 
penis, 714, 714 

Lambdoid suture, 156, 158, 160 
Lamellae, 70 
eompaetbone, 136 ,137 
Lamellar corpuscle, 462, 462 1, 463 
Lamina (blood vessels), 565, 566 
basal, 568, 569 
Lamina (vertebrae), 169 ,169 
Lamina propria, 78, 655, 

655-656, 666 
Langerhans eells, 111,777 
Language, brain and, 423-424, 424 
Lanugo, 116 

Lap (squamous) suture, 206, 207, 

208,21 1? 

Large intestine, 334-335, 669. See 

also Colon 

anatomy, 671, 672, 673 
Laryngeal prominenee, 635, 636-637 
Laryngopharynx, 634, 635, 663 
Larynx, 332, 335, 631, 634, 635-637, 

636-637 

prenatal development, 513 
Lateral cuneiforms, 198, 198 
Lateral ligament, 221, 227 
Lateral longitudinal areh, 200, 

200, 348 

Lateral mass (eervieal vertebrae), 

169 ,170 

Lateral pterygoid plates, 162 ,162 
Lateral spinal traets, 375, 376, 316t, 

378, 379 

Lateral sulcus, 400-401, 416, 

420, 426 

Learning strategies, 330 
Leeithin, 673 

Le Fort fractures, 179-180 ,180 
Left eolie (hepatie) flexure, 671, 672 
Left lower quadrant, 15, 75 
Left upper quadrant, 15,75 
Leg 

anatomy, 346-348 
bones of, 193, 195-199 
injuries, 325í 

muscles of, 313-315, 313t-315í 
Leg buds, 92, 97 
Leiomyomas, 734í 
Lens, 482-484, 482-484 
fibers, 483, 484, 484 
Lens pit, 491, 493 


Lens plaeode, 491, 493 
Lens vesiele, 491, 493 
Leptin, 510, 512í 
Lesions, skin eaneer, 126 
Lesser omentum, 18 
Leukemia, 535 

Leukocytes, 63, 71, 521, 521, 522 1, 

527, 527-532, 528-529, 
528í-529í, 531 
disorders, 535 
life eyele, 530-532, 531 
types of, 527, 528-529, 528t-529í 
Leukocytosis, 535 
Leukopenia, 535 
Leukopoiesis, 531 
Levator anguli oris muscle, 270t 
Levator ani muscles, 287í, 288 
Levator labil superioris muscle, 270í 
Levator palpebrae superioris muscle, 

270í, 277 

Levator scapulae muscle, 296, 296 1 
Levers, muscles as, 241-242, 241-243 
Leydig eells, 510, 510, 707, 708 
Ligament(s) 
ankle, 228, 229 

broad, 716-717, 716-718, 722, 722 

eardinal, 718, 722, 722 

eoeeygeal, 374, 375 

eoronary, 673, 674-675 

erieotraeheal, 636, 636 

denticulate, 374, 375 

elbow, 223, 223-224 

faleiform, 673, 674-675 

hip, 224-225, 225 

inguinal, 281t-283í, 333, 338, 595 

of jaw, 221, 227 

joints and, 210 

knee, 226-227, 226-228 

ovarian, 716-717, 716-718 

patellar, 196-197, 313, 313 1, 

346, 347 

pelvie floor, 287 1, 288 
periodontal, 207, 208, 660-661, 
660-661 

round, 225, 225, 603, 604, 673, 
674-675, 716-718, 722, 722 
shoulder, 221-223, 223 
strength and tautness, 220 
suspensory, 482-484, 482-484, 
716-717, 716-718, 722, 722, 
725-726, 726 
thyrohyoid, 636, 636 
tibiofibular, 228, 229 
transverse acetabular, 224, 225 
umbilical, 604 
uterosacral, 718, 722, 722 
vestibular, 636, 636 
Ligamentum arteriosum, 542, 603 
Ligamentmn teres, 225, 225, 673, 

674-675 

Ligamentum venosum, 604 
Light mieroseope (LM), 26, 27 
Liimbie system, 415 
Limb buds, 200-201, 201 
Limbie system, 418, 418, 425 1, 426 
respiratory function, 646 
Linea alba, 338 
Linea aspera, 195, 795 
Linea semilunaris, 338 
abdominal wall, 281í-283í 
Lines of bone 


epiphyseal, 143 
inferior nuchal, 161 
intertroehanterie line, 195, 795 
spiral line, 195, 795 
superior nuchal, 161 
supracondylar lines, 195, 795 
temporal lines, 156, 160 
Lingual frenulum, 658, 659, 659 
Lingual gland, 659, 659 
Lingual lipase, 661 
Lingual papillae, 466, 467, 659, 659 
Lingual tonsil, 634 
Lipid metabolism, 674í 
Lipid rafts, 62 
Lipids 

glyeolipids, 31 

membrane lipids, 30-32, 30-32 
phospholipids, 30, 32 
Lips, 634, 658, 658-659 
Lithotripsy, 696 
Liver, 334, 341, 585, 655, 657 
anatomy, 673-676, 674-675, 674? 
circulation, 676 
endoerine eells in, 510, 512? 
functions, 674? 

hepatie portal system, 589, 589? 
hormones, 504 
Kupffer eells, 530 
lobes, 673, 674-675 
sinusoid eapillaries, 569 
vagus nerve, 435 
Liver bud, 678, 679-680 
Lobules 
breast, 726 
earlobe, 470-471 
exocrine glands, 76 
Loeomotion, spinal eord, 372 
Longissimus musle, 284-286, 

284?-286? 

Longitudinal tissue seetion, 55, 56 
Loop of Henle, 689, 689-690, 694 
Loose eonneetive tissue, 64, 65, 65? 
Lordosis, 168 ,168 
Lou Gerhig’s disease, 380, 380 
Lower esophageal sphineter 

(LES), 663 

Lower limb 

blood vessels, 594-599 
bones, 193, 195-199 
rmiseles, 310-324 

Lower respiratory traet, 632, 637-643 
Luetinizing hormone, 501, 502-503, 

502?, 503?, 504 
Lmnbar eistern, 373, 374 
Lmnbar curvature, 168, 168 
Lumbar enlargement, 372, 373 
Lumbar puncture, 375, 404 
Lmnbar region, 16, 372, 373 
Lmnbar vertebrae, 167-168, 167-175, 

172, 772, 337 

Lmnbrieal muscles, 308, 309?, 

322?, 323 
Lumen 

blood vessels, 565 
esophagus, 656 
small intestine, 669, 669-670 
stomaeh, 666 
tubule, 708 

Lung buds, 647, 648, 680 

Lung eaneer, 649 

Lungs, regional anatomy, 334 


Lung(s), 334, 336, 340, 341 
heart and, 541-542 
histology, 641 
lobes, 335, 639, 640 
respiratory system, 631 
vagus nerve, 435 
Lunule, 120, 120 
Lutein eells, 721 

Lymphatie nodules, 616, 666, 670 
Lymphatie system, 9 ,10 
Lymphatie vessel 
liver, 675 

small intestine, 670 
Lymphoeytes, 521, 521, 522? 
fibrous tissue, 63 
pulmonary, 642 
structure, 529, 529?, 530 
Lymphoid hemopoiesis, 525 
Lysosomes, 43, 44, 45-46 
aerosome, 86 
osteoelasts, 135 ,135 
Lysozyme, 661 

M 

Maerophages, 63, 530 
eapillaries, 569 
hepatie, 675, 676 
Macula 

densa, 694, 695 
lutea, 482-485, 482-485 
sacculi, 476, 477-478 
utriculi, 476, 477-478 
Magnetie resonanee imaging (MRI), 

4-5,5 

Magnifieation, 26, 27 
Major calyx, 687, 688, 699 
Male reproductive system, 9, 11, 

705-715, 707 
aging, 731 

disorders of, 731-732, 732? 
gonads, 499, 509-510, 510 
prenatal development, 727, 
728-730, 730 
Male(s) 

baek and gluteal region, 339 
bladder anatomy, 696, 697 
pelvie eavity, 342 
pelvis, 193, 194, 194? 
regional anatomy, 334-335 
thorax and abdomen, 338 
minary traet, 685, 686, 706 
Malignant tumors, 48, 48 
Malleoli, medial and lateral, 197, 197, 

347-348 

Malleus, 166, 471-472, 

471-472, 475 
Malpighi, Mareello, 564 
Mamillary bodies, 401, 415 
Mammary glands, 78, 122, 122?, 504, 

725-726, 726 
hormones, 504 
Mammary ridges, 122 
Mandible, 165, 165, 634 
development, 176, 777 
movements, 217, 27 8 
Mandibular division, 432 
Mandibular noteh, 165, 165 
Manual region, 16 
Manubrium, 173, 173-174, 338 
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Manus. See Hand 
Marfan syndrome, 67 
Marrow eavity, 133 ,133 
Masseter muscle, 274, 27 4t 
Mass reflex reaetion, 394 
Mast eells, fibrous tissue, 63 
Mastoid noteh, 157, 161 
Mastoidpart, 161 ,161 
Matrix, osseous tissue, 135-136 
Maxillae, 164 
Maxillary division, 432 
Maxillary sinus, 155, 155, 159 
Meatus 

inferior, nasal eavity, 481 
nasal, 633, 634-635 
Meehanieal advantage, muscle(s), 

241-242, 242 

Meehanieal junctions, 554, 554 
Meehanieal stress, spongy bone and, 

138 ,138 

Meehanoreeeptors, 461 
Meconium, 678 

Medial lemniscus, 378, 406, 407-408 
Medial (deltoid) ligament, 228, 229 
Medial longitudinal areh, 199, 199- 

200, 347-348 

Medial pterygoid plates, 162, 162 
Medial spinal traets, 375, 376, 316t 
Median (midsagittal) plane, 12, 72 
Mediastimim, 16, 17 
Medieal art, evohition of, 3 
Medieal imaging, 4, 5 
Medieal terminology, 20-22, 21 1 
Medulary eone, 372, 373 
Medulla 
hairmatrix, 117 
ovarian, 716-717 
Medulla oblongata, 366, 406-409, 

407^08, 413 1, 427, 634 
auditory pathway, 476 
gustatory projeetion pathway, 

468, 468 

respiratory system and, 645, 646 
Medullary eavity, 133, 133 
Megaeolon, 452 
Megakaryoblasts, 532 
Megakaryoeytes, 532, 533, 617 
Meiosis (reduction devision), 85 
oogenesis, 719 
spermatogenesis, 709, 710 
Melanin, skin eolor, 114, 114-115 
Melanoeytes, 110-111 ,111 
Melanoma, 126, 126 
Melatonin, 505, 51 lí 
Membrane-eoating vesieles, 112 
Membrane lipids, 30-32, 30-32 
Membrane proteins, 32-33, 33 
Membrane(s) 
of body, 16-20, 16í 
extraembryonic, 92-95, 93-94 
fertilization membrane, 86, 87 
tissue, 78-79 
Membrane skeleton, 40 
Membrane transport, 33-36, 34-35 
Membranous labyrinth, 161, 472, 

472-473 

Membranous urethra, 696, 697 
Memory 
aids to, 437 
brain and, 424 
Menarehe, 731 


Ménière disease, 493 1 

Meningeal layer, 402, 402 

Meninges, 17, 373-375, 374, 402, 402 

Meningitis, 404 

Meniscus, 210, 226, 226-227 

Menopause, 731 

Menses, 724 

Menstrual eyele, 723, 723-724 
Menstrual fluid, 723, 724 
Mentalis muscle, 271, 212t 
Mental protuberance, 165, 165, 331 
muscles of, 212t 
Mental spines, 156, 165 
Mental symphysis, 176, 777 
Mentolabial sulcus, 331 
Mentum (ehin), 331 
Merkel eells, 111, 777 
Meroerine glands, 76-77, 120, 

121,727 

prenatal development, 124 ,124 
Meromelia, 201-202, 202, 202 1 
Mesangial eells, 694-695, 695 
Meseneephalon, 366, 366 
Mesenehyme, 89, 90 
intramembranous ossifieation, 

139 ,140 

neural tube, 178, 7 78 
optie development, 491, 493 
Mesenteries, 18, 19, 341, 342 
anterior (ventral), 657 
circulation, 586, 586 1 
digestive traet, 651,657 
posterior (dorsal), 657 
Mesoeolon, 18, 657, 657, 672 
Mesoderm, 89, 90, 92 1 
Mesometrium, 718 
Mesonephrie duct, 699, 121 , 728, 

728-730 

Mesonephros, 699, 728 
Mesosalpinx, 718, 721, 722 
Mesothelium, prenatal development, 

514, 514 

Mesovarmm, 716-717, 716-718 
Metaearpophalangeal joints, muscles 

and, 303t-306f 304-306 
Metanephros, 699 
Metaphase 
meiosis, 710 
mitosis, 48, 49 

Metaphysis, bone elongation, 141 ,142 
Metaplasia, 79, 714 
Metarterioles, 567, 570 
Metastases, 48, 48 
Metatarsals, 198, 199, 347-348 
Meteneephalon, 366, 366 
Mieroeephaly, 368 
Mierofilaments, 40 
Mieroglial eells, 3511, 358, 358, 530 
Mierometer, eell size, 28 
Mieroseopie anatomy, 2 
Mieroseopy, eytology, 26-27, 27 
Microtubules, 37, 37, 40, 42 
Microvasculature, 567-568 
Mierovilli, 36, 36 
eapillaries, 569 
small intestine, 669, 669-670 
Midbrain, 366, 366, 401, 406, 408, 

409,413 1,427 

oculomotor nerve, 427-428, 430 
optie nerve (II), 429 
troehlear nerve, 430 


Middle-ear eavity, 155, 7 58, 492 
Middle-ear infeetion, 471 
Middle nasal eonehae, 163, 163 
Middle peduncles, 411, 411-412 
Midgut, 656-657, 679 
Midpalmar muscle group, 308, 309í 
Migraine headaehe, 438 1 
Milklines, 122 

Mineralization, bone, 132-133 
Mineraloeortieoid, 508 
Mineral(s), metabolism, 674í 
Minor calyx, 687, 688, 690, 699 
Mitoehondria, eardiae nrnsele, 

554, 554 

Mitoehondrial DNA (mtDNA), 46 
Mitoehondrial matrix, 46 
Mitoehondrion, 44, 46 
Mitosis 

oogenesis and, 719 
phases, 47-48, 49 
Mitotie (M) phase, eell eyele, 47 
Mitotie spindle, 48 
Mitral eells, 468-469, 469-470 
Mitral valve prolapse, 560? 

Mixed aeini, 662 

Mixed nerves, 381 

M line (striated muscle), 246, 

246-247 

Modiolus, 270?, 473, 473 
Mole (nevus), 116 
Molecules, 9 
Monaxial joint, 212, 272 
Monoeytes, 521, 521, 522?, 529, 

529?, 530 

Monosynaptie reflex, 392, 392 
Mons pubis, 333 
female genitalia, 724, 725 
male genitalia, 77 6-717 
Morning siekness, 93 
Morala, 88 

Motor assoeiation area, 420, 421, 422 
Motor cortex, 412, 423-424, 424 
Motor efferent nervous system, 

352, 353 

neurons, 354, 354 
Motor end plate, 248, 248-249 
Motor homunculus, 421, 422 
Motor nerves, 381 
Motor neurons, 72, 248 
diseases, 380, 380 
lower, 422 
upp, 422 

Motor proteins, 37-38 
Motor units, 249, 249-250 
Mouth, 658, 658-662 
Movement 
disorders, 422 
muscles, 236 

Mucociliary esealatoor, 638-639, 

638-639 
Mucosa, 638 

digestive traet, 655, 655-656 
large intestine, 671 
stomaeh, 666 

Mucosa-associated lymphatie tissue 

(MALT), 631, 639-640, 655 
Mucous eells, 664, 665-666, 

661, 667? 
neek eells, 6611 
Mucous glands, 638 
Mucous membrane, 78, 78 


Mucous tripe, 667 
Mucus, 661 

Miillerian-inhibiting faetor (MIF), 727 
Multiaxial joint, 212, 272 
Multifidus muscles, 284-286, 

284?-286? 

Multiple selerosis, 361 
Multipolar neurons, 356, 356 
Multipotent stem eells, 50 
Multunit smooth muscle, 256, 256 
Muscarinic reeeptors, 454, 454, 454? 
Muscle fibers, 73, 236, 236 
physiologieal elassifieation, 

253- 254, 253?, 254? 
structural hierarehy of, 247? 
ultrastructure of, 244-247, 244-247 

Muscle(s) 

abdominal oblique, 280-283, 
281?-283?, 333, 334, 338 
abdominal wall, 280, 280-283, 

281?, 281?-283?, 334 
abductor digiti minimi, 308, 309?, 
322?, 323, 348 
abductor halhieis, 322?, 323, 
347-348 

abductor pollieis brevis, 308, 309? 
abductor pollieis longus, 306, 306? 
aetion of, 220 

adductor brevis, 311?, 312, 336-337 
adductor hallucis, 322?, 323 
adductor longus, 311?, 312, 333, 
335-337 

adductor magnus, 312, 312?, 335, 337 
adductor pollieis, 308, 309?, 345 
anatomy, 237-244 
arm, 297?-300?, 298-300 
arytenoid, 636 
attaehments, 239-240, 240 
axial, 297? 

baek, 284-286, 284?-286?, 339 
bieeps braehii, 221-223, 223, 301?, 
302, 333, 339, 343-344 
bieeps femoris, 314, 315?, 346-347 
blood supply, 250, 250 
bones and levers, 241, 241 
braehial, 297?, 298, 301?, 302 
braehioradioalis, 339, 344 
bronehial, 641 
buccal, 272?, 331, 433 
buccal region, 272? 
buccinator, 272?, 273?, 659, 659 
bulbospongiosus, 706-161 
eardiae, 73, 74, 14t, 236, 254, 

254- 255, 255?, 553-554, 554 
eervieal region, 272?, 433 
chewing and swallowing, 

273?-276?, 276 

eiliary, 450, 451, 483, 483-484 
circular, 239, 239, 666 
eommon names, 265? 
eonneetive tissue, 237-238, 238 
eontraetion and relaxation, 

250-253, 252 

eoraeobraehialis, 297?, 298-299, 
334-335 

eremaster, 705, 706-707 
eraral, 316? 
dartos, 705, 706-707 
deltoid, 297?, 298-299, 333, 
338-339, 343-344 
detrasor, 696, 697 
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developmental and elinieal 

perspeetives, 257-259, 260/ 
digastrie, 432, 433 
embryonie development, 

257-258, 258 

ereetor spinae, 284-286, 284/-286r, 
339, 341, 644, 644 
extensor earpi radialis longus and 
brevis, 305, 305 1, 344 
extensor digitomm, 305, 305í, 316 1, 
317, 318, 322 1, 344, 348 
extensor hallucis longus, 316í, 
317-318, 322/ 

extensor pollieis brevis and longus, 
306, 306/ 
extrinsic, 241 

eye, 447, 451, 455, 480, 480-481, 
482-483, 483 

faeial, 268, 268-269, 268t-271t, 271 
faseieles, 237-239, 238-239 
femoral, 310, 310, 310í-311í, 312 
fibularis (peroneous) brevis and 
longus, 317-318, 321, 321 1, 
347-348 

flexor earpi radialis, 303-304, 
303t-305í, 344 
flexor earpi ulnaris, 188, 189, 
303í-306í, 304-306, 339, 344 
flexor digiti minimi brevis, 308, 
309í, 322 1, 323 

flexor digitomm brevis, 322 1, 323 
flexor digitomm longus, 320, 321/ 
flexor digitorum profundus, 303- 
304, 303f-305f 
flexor hallucis, 320, 321/ 
flexor pollieis brevis, 308, 309/ 
flexor pollieis longus, 303-304, 
303í-305f 

foot, 316t-323í, 317-321, 323 
forearm, 301t-302í, 302 
functional groups, 240-241 
functions, 236-237 
fusiform, 238-239, 239 
gastroenemms, 316í, 318-319, 
346-348 

genioglossus, 213t, 659, 659 
ghiteal, 284-286, 284/-286t, 

31 lí, 312 

gluteus maximus, 193, 311 1, 

312, 339 

gluteus medius, 193, 311 1, 312, 

337, 339 

gluteus minimus, 193, 311 1, 312 
graeilis, 312, 312 1, 333, 

335-337, 346 
hand, 308, 309 1 
of head and neek, 268-278, 
269t-275í, 2111, 278í 
hormones and, 504 
hyoglossus, 213t, 659, 659 
hyoid muscles, 27 5t 
iliacus, 310, 310 1, 337 
ilioeostalis, 284-286, 284í-286í 
inferior oblique, 430, 481, 482 
inferior rectus, 481, 482 
infrahyoid group, 275/ 
infraspinatus, 299-300, 300/, 339 
injuries, 324, 325/ 
innervation, 264 
intereostal, 279, 279/, 280/, 334, 
337, 644, 644, 646, 726 


intrinsie, 241 

knee, 313-315, 313/—315/, 346 
laryngeal, 636-637, 637 
lateral rectus, 432, 481, 482 
latissirmis dorsi, 284-286, 
284/-286/, 297/, 298, 339, 
343, 645 
leg, 346-347 
levator ani, 672 

levator palpebrae superioris, 430, 
480^81 

longitudinal, 665-666 
lower limb, 310-324 
lumbar, 687 
masseter, 432 
meehanieal advantage in, 
241-242, 242 
medial rectus, 481, 482 
mental region, 272/ 
middle ear, 472, 472 
mylohyoid, 659 

neek, 277/, 284-286, 284/-286/ 
nerve-muscle relationship, 248, 
248-249, 264 
nuchal region, 278 
oblique abdominal, 645, 665-666 
obturator externus and intermis 
muscles, 311/, 312 
omohyoid, 334 
orbicularis oculi, 480, 481 
orbital, 268, 270/ 
origins and insertions, 240, 268 
palatoglossus, 273, 273/, 659, 659 
palmar interosseous, 308, 309/ 
palmaris longus, 344 
papillary, 544, 546, 546, 547 
parallel, 239, 239 
peetinate, 545, 546 
pectineus, 312, 312/, 335-336 
peetoral, 297/, 298 
peetoralis major, 297/, 298, 333, 
338, 340, 343-344, 644, 

644, 726 

peetoralis minor, 295/-296/, 296, 
644, 726 

pelvie floor, 287/-288/, 288 
pennate, 239, 239 
pharynx, 273/, 275/, 434 
platysma, 272/, 333 
psoas major, 310, 310/, 337 
pterygoid, 432 
quadratus femoris, 311/, 312 
quadratus lumborum, 284-286, 
284/-286/, 337 
quadratus plantae, 322/, 323 
quadriceps femoris, 196-197, 
313-314, 313/ 
reeognition test, 350 
rectus abdominis, 280-283, 

281/-283/, 338, 341, 644, 
644-645 

rectus femoris, 313, 313/, 333, 
335-336, 346 
rectus inferior, medial, and 
superior, 430 

respiratory, 279/, 643, 643-645 
646-647, 644 

sartorius, 313, 313/, 333, 335 
sealenes, 644, 644 
sealp, 268, 270/ 
scapular, 297/ 


semimembranosus, 226, 226-227, 
314, 315/, 346-347 
semispinalis, 284-286, 284/-286/ 
semispinalis eapitis, 278 
semitendinous, 314, 315/, 346 
serratus anterior, 338, 644, 644 
serratus posterior, 644, 644-645 
serratus superior/inferior, 284-286, 
284/-286/ 

shoulder, 295/-296/, 296 
skeletal muscle, 73, 74, 74/, 

236 ,236 

smooth muscle, 254, 255-257, 255/, 
256, 256-257 
soleus, 316/, 318, 347-348 
stapedms, 433, 472, 472, 475, 476 
sternoeleodomastoid, 277/, 278, 

338, 436, 644, 644 
striations, 73, 246, 246-247 
structural hierarehy, 247/ 
styloglossus, 273/, 659, 659 
stylohyoid, 433 

subscapularis, 299-300, 300/, 334 
superior oblique, 430, 481, 482 
superior rectus, 481, 482 
suprahyoid group, 275/ 
swallowing, 273/-276/, 276 
temporalis, 432 

tensor faseia latae, 311/, 312, 333, 
335-336, 346 

tensor tympanii, 471, 471, 472, 472, 
475, 476 

teres major, 297/, 298-299, 339 
thigh, 310, 311/, 312-315, 

313/—315/, 346 
thoraeie, 282-283 
tibialis anterior, 316/, 317, 347-348 
tibialis posterior, 320, 321/ 
tongue, 273/, 436, 659, 659 
trabecular, 714 

transverse abdominal, 280-283, 

281/-283/, 334 
trapezius, 277/, 278, 284-286, 
284/-286/, 296, 296/, 333, 
338-339, 436 
triangular, 239, 239 
trieeps braehii, 301/, 302, 339, 
343-344 

trieeps surae, 316/, 318 
trunk, 279-289 

types and functions, 236, 236-237 
universal properties, 237 
upper limb, 294-309 
vastus intermedius, 313, 313/ 
vastus lateralis, 313, 313/, 333, 336, 
346-347 

vastus medialis, 313, 313/, 

335-336, 346 
wrist, 303/-306/, 304-306 
Muscle spindle, 462, 462/, 463 
Muscularis externa 
digestive traet, 655, 656 
small intestine, 669, 669-670 
stomaeh, 666 

Muscularis mucosae, 78, 631, 

639-640, 655, 655-656, 666 
Muscular system, 9, 10, 265-266 
aging, 258 

appendicular musculature, 293-325 
axial musculature, 263-289 
diseases of, 258-259, 259, 260/ 


skeletal muscles, 235-260 
tissue, 72-74 

Muscular tissue, 73, 74, l\t 
Mutagens, 48, 100-102 
Mutations, 100 
Myasthenia gravis (MG), 259, 

259, 260/ 

Myeleneephalon, 366, 366 
Myelin, 359, 359-360 
autonomic nervous system, 445 
fetal development, 367 
signal conduction, 360-361 
Myelination, 359, 359-360 
fetal development, 367 
Myelin sheath, 359, 359 
diseases of, 361 
Myeloid hemopoiesis, 525 
Myoblasts, 257-258, 258 
Myoeardial infaretion, 550-552, 551 
Myoeardial vortex, 544, 545 
Myocardium, 544, 544, 546 
Myoeytes, 73, 236, 544 
smooth muscle, 254, 

255-256 

Myoepithelial eells, 121, 483 
lactiferous, 725-726, 726 
Myofibrils, 245 
eardiae muscle, 554, 554 
structural hierarehy, 247/ 
Myofilaments, 245-246, 

245-246, 247/ 

Myoglobin, muscle fiber, 245 
Myology, 236 

Myometrium, 718, 722, 723 
Myopathies, 258-259, 259, 260/ 
Myopia, 486, 486/ 

Myosin, 245, 245 
excitation-contraction coupling, 

251,252 
Myotome, 92 
Myotubes, 257-258, 258 

N 

Nail bed, 120 ,120 
Nailbody, 119-120, 120 
Nail fold, 120 ,120 
Nail groove, 120 ,120 
Nail matrix, 120 ,120 
Nailplate, 119-120, 120 
Nailroot, 119-120 ,120 
Nails, 119-120 ,120 
prenatal development, 123-124 ,124 
Nares, 633-634, 634-635 
Nasal aperture, 631, 633-634, 

634-635 

Nasal bones, 155, 165, 635 
Nasal eavity, 153, 155, 158, 332, 631, 

633-634, 634-635 
Nasal gland, 433 
Nasalis nrnsele, 270/ 

Nasal mucosa, 429, 429/ 

Nasal region, 331 
muscles of, 270/ 

Nasolaerimal duct, 480, 481 
Nasopharynx, 634, 635, 663 
Natal eleft, 339 
Natriuretic peptides, 510, 

512/, 695 

Natural killer eells, 531 
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Neek 

anatomy, 13,74, 331 
flexors and extensors, 27 It 
muscles of, 268-278, 269t-215t, 

2111, 21% 284-286, 284í-286í 
veins, 579t-580t, 580-581 
Neerosis, 80 

Neocortex, 417-418, 418 
Neonatal circulation, 604 
Neoplasia, 79 
Nephrolithiasis, 696 
Nephron 

anatomy, 689, 690, 690-695, 
692-693, 695 
eortieal, 690, 694 

juxtamedullary, 689-690, 689. 694 
prenatal development, 699 
Nephron loop, 689, 689-690, 694, 699 
Nephrons, 686-687, 687 
Nephroptosis, 700t 
Nephrotie syndrome, 700/ 

Nerve eells. See Neurons 
Nerve endings, senses, 461-463, 

462, 462 1 

Nerve fibers (axons), 72, 12t, 73, 354, 

355, 356 

afferent, 381, 381/ 
elassifieation, 381, 381/ 
deseending analgesie, 466 
efferent, 381, 381/ 
first- through third-order, 

376-377, 377 
myelinated, 360, 360 
olfaetory nerve, 469, 469-470 
optie nerve, 487, 488-490, 489-490 
parasympathetie, 433 
pituitary gland, 501 
reflexes, 392 

sensory fibers, 466-468, 467-468, 
478, 647 
tongue, 467 
unmyelinated, 360, 360 
viseeral, 381, 381/ 

Nerve growth faetors, 358, 361 
Nerve plexuses, 385, 386-390, 386/, 

387/, 389/, 390/ 
braehial nerve, 335, 385, 

387-388, 387/ 
eervieal, 385, 386, 386/ 
ehoroid, 426 
eoeeygeal, 390, 390/ 
esophageal plexus, 450, 451 
hypogastrie plexus, 451, 452, 

655, 656 

himbar plexus, 389, 389/ 
himbosaeral plexus, 385, 390, 390/ 
myenterie, 656, 656 
renal plexus, 449, 689 
saeral p, 385, 390, 390/ 
submucosal, 656, 656 
Nerve(s), 353. See also speeifie nerves 
ansa eerviealis, 386, 386/ 
axillary, 387, k387/ 
blood vessels, 565, 566 
eardiae, 446, 447, 554-555 
eoehlear, 434, 471, 471-473, 475, 
476-477 
distal, 445/ 
dorsal, 714, 714-715 
femoral, 334, 389, 389/ 
fibular (peroneal), 390, 390/ 


general anatomy, 380-382, 

381-382, 381/ 
genitofemoral, 389, 389/ 
great auricular, 386, 386/ 
iliohypogastrie, 389, 389/ 
ilioinguinal, 389, 389/ 
inferior alveolar, 432 
inferior gluteal, 390, 390/ 
infraorbital, 432 
injuries, 388 

intereostal, 384, 384-385, 646 
laryngeal, 435 

lateral femoral cutaneous, 389, 389/ 
lesser oeeipital, 386, 386/ 
lingual, 432, 468, 468 
median, 387, 387/ 
musculocutaneous, 387, 387/ 
nerve-muscle relationship, 248-249, 
248-250, 264 
obturator, 389, 389/ 
pelvie, 451, 452 
phrenie, 386, 386/, 446, 646 
pudendal, 390, 390/, 715 
radial, 387-388, 387/ 
regeneration, 361 
respiratory system, 645, 646 
rootlets, 382, 383-385 
seiatie, 390, 390/ 
splanehnie, 446, 448, 448-449, 

451, 452 

superior alveolar, 432 
superior gluteal, 390, 390/ 
supraclavicular, 386, 386/ 
testicular, 705, 706-707, 709 
thoraeie region, 340 
tibial, 390, 390/ 
transverse eervieal, 386, 386/ 
tympanie, 450, 451 
ulnar, 387, 387/ 

vestibular, 434, 471, 471-472, 477, 
479, 479 

Nervous system, 9,11. See also 

Nervous tissue 

autonomic ( See Autonomic nervous 
system) 

brain ( See Brain) 

eentral (See Central nervous system) 
development, 365-368 
developmental disorders, 

367-368, 368 

endoerine system and, 352, 352, 
498-499 

organs (See Sense organs) 
overview, 352, 352-353 
peripheral (See Peripheral nervous 
system) 

spinal eord (See Spinal eord) 
spinal nerves (See Spinal nerves) 
Nervous tissue, 72, 72-73, 72/, 

351-368 

Neuobiology, 352 
Neural circuits 

neural pools and, 363-364, 364 
synapses and, 361-363, 362-363 
Neural eonvergenee, 364, 450, 488 
Neural erest, 92, 92, 366, 456-457, 

514, 514 

Neural divergenee, 450 
Neural fold, 92, 92, 365, 365 
Neuralgia, 394/ 

Neural groove, 92, 92, 365, 365 


Neural integration, 362, 362 
spinal eord, 372 

Neural pathways, 445, 445, 445/ 
Neural plate, 365, 365 
Neural pools, 363-364 
Neural retina, 491, 493 
Neural tube, 491, 492, 514, 514 
defeets, 92, 367-368, 368 
formation, 91-92, 92, 365, 

365-366, 456-457 
Neurilemma, 355, 358, 360 
Nemoanatomy, 352 
Neurocranium, 176 
Nemodegenerative diseases, 438-439, 

438/ 

Nemoeetoderm, 365, 365 
Nemofibrils, 354, 355 
Nemogenie shoek, 394 
Nemoglia (glial eells), 72, 72-73, 72/ 
brain tumors and, 360 
types of, 357-358, 357/, 358 
Nemohypophyseal bud, 512-513, 

513-514 

Nemohypophysis, 500 
Neuromuscular junction, 248-249, 

248-250, 362-363, 363 
Neuromuscular toxins, 249 
Nemons, 72, 72-73, 72/, 353-357 
endoerine system, 501 
first-order, 376, 377, 378, 464, 
489-490, 490 

functional elasses, 354, 354 
lower motor, 378 
olfaetory, 468, 469-470 
postganglionie, 447 
postsynaptie, 362, 362-363 
preganglionie, 447 
presynaptie, 362, 362-363 
seeond-order, 376, 377, 378, 464 
structure, 354, 355, 356 
synaptie relationships, 362-363, 363 
third-order, 376, 377, 378, 464 
upper motor, 378 
variation, 356, 356-357 
Nemophysiology, 352 
Nemosoma, 72, 72-73, 72/, 354, 355, 

356,469, 469-470 
Nemotransmitters 
autonomic nervous system, 445/, 
453-454, 453/, 454, 454/ 
synapses and, 362-363, 363 
Neurulation, 91-92, 92, 365 
Neutrophils, 38, 38, 46, 521, 521, 

522/, 527, 528, 528/, 529 
fibrous tissue, 63 

Nieotinie reeeptors, 454, 454, 454/ 
Night vision, 487 
Nipple(s), 338, 725-726, 726 
Nissl bodies, 354, 355 
Nitrogenous wastes, 686 
in plasma, 522, 522/ 

Noeieeptors, 461, 464-466 
Nomina Anatomiea (NA) system, 20 
Nondisjunction, ehromosomal, 100- 

102 ,101 

Noninvasive imaging, 4 
Nonkeratinized epithelium, 60, 62 
Nonspeeifie gramiles, 527, 528-529, 

528/-529/ 

Nonsteroidal anti-inflammatory 

drugs, 668 


Nonverbal communication, skin and, 

110 ,110 

Norepinephrine, 362-363, 363, 

507, 508 

reeeptors, 454, 454, 454/ 

Nose, 633-634, 634-635 
bridge of, 331 
root of, 331 

Nostril(s), 481, 631, 633-634, 

634-635 

Notoehord, 177-178, 177-178 
Nuchal ligament, 157, 161 
Nuchal region, 331 
muscles, 278 
Nuclear envelope, 43 
Nuclear lamina, 43 
Nuclear medieine, 6 
Nuclear pore complex, 43 
Nuclei 

anterior nucleus, 413-415, 414 
arcuate nucleus, 413-415, 414, 415 
basal nuclei, 414, 415, 419, 419, 
422, 425/, 426 
of brain, 400-401, 402, 403 
eardiae muscle, 554, 554 
caudate, 419, 419, 426 
eoehlear, 415,476 
cuneate, 406, 407-408 
deep nuclei, 410, 477—772 
dorsomedial nucleus, 413-415, 414 
eye movement, 479 
geniculate nuclei, 408, 410, 
413-415,474, 490, 490 
graeile nucleus, 406, 407-408 
hypothalamie nuclei, 413-415, 474, 
501 

inferior olivary nucleus, 406, 
407-408 

lentiform nucleus, 419, 479 
mamillary nuclei, 413-415, 474 
paraventricular, 413-415, 474, 501, 
503 

preteetal, 490, 490 
respiratory eontrol, 634 
rod and eone, 487 
salivatory, 662 
solitary nucleus, 468, 468 
superior olivary, 415,476 
suprachiasmatic nucleus, 415 
supraoptic, 501, 503 
sustentacular eell, 708 
thalamie, 413-415, 474 
vestibular, 378-379, 379, 479, 479 
Nucleoli, 43 
Nucleoplasm, 30 
Nucleus (eell), 42, 42-43 
meiosis, 710 
Nucleus accumbens, 419 
Nucleus pulposus, 169, 169 
Nutrient foramina, 133 
Nutrients, in plasma, 522, 522/ 
Nutrition 

bone growth and, 144 
prenatal nutrition, 95, 95 

o 

Oblique tissue seetion, 55, 56 
Oeeipital eondyle, 161 
Oeeipitalis muscle, 270/, 277 
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Oeeipital lobe, 400-401, 416, 425í, 

426, 490, 490 
Oeeipital protuberance, 161 
Occlusal surfaces, 661 
Oleeranon, 339, 343-344 
bursa, 223, 223-224 
radms and, 187, 188 
Olfaetion. See Smell 
respiratory system, 631 
Olfaetory bulb, 427, 429, 468, 

469-470 

eribriform (olfaetory) foramina, 

163, 163 

Olfaetory epithelium, 633, 634-635 
Olfaetory mucosa, 468, 469 
Olfaetory traet, 429, 469, 469-470 
Oligodendroeytes, 357, 3511, 358, 

360, 360 

fetal development, 367 
Oligohydramnios, 93 
Olive, 406, 407-408 
Omenta, greater and lesser, 18, 657, 

657-658, 666, 672 
Omental appendages, 671, 672 
Omphaloeele, 678, 679-680 
Oneogenes, 48 
Ondine’s curse, 645 
Ooeyte, 717 
primary, 717, 718-720 
seeondary, 719, 720 
Oogenesis, 85, 717, 718-719, 720 
Oogonia, 717, 718-719 
Open canicular system, 532, 533 
Ophthalmie division, 432 
Ophthalmoseope, 484, 485 
Opponens digiti minimi, 308, 309 1 
Opponens pollieis, 308, 309 1 
Opportunistic infeetions, leukocyte 

disorders, 535 

Opposition, of thumb, 218, 219 

Optieal eanal, 162 ,164 

Optie ehiasm, 415, 427, 429, 489-490, 

490, 501 

prenatal development, 513 
Optie cup, 491, 493 
Optie dise, 482-485, 482-485 
Optie radiation, 490, 490 
Optie stalk, 491, 493 
Optie traet, 429, 489-490, 490 
Optie vesieles, 92, 97, 491, 493 
Oral eavity, 332, 655, 658, 658-662 
Oral region, 331 
muscles of, 270í 
Ora serrata, 482-484, 482-484 
Orbiailaris oculi muscle, 270t, 271 
Orbiailaris oris muscle, 270t 
Orbit, 164, 164 

aeeessory structures, 480-482, 481 
nmseles of, 268, 270t 
Orbital plate, 163 ,164 
Orbital region, 331, 480-481, 

480-482 
muscles of, 270í 
Orbitofrontal cortex, 418, 419, 

420, 420 

olfaetory projeetion pathways, 
469-470, 470 
Organelles, 9, 30 
nucleus, 42, 42-43 
structure, 42-45, 42-46 
Organism, 8 


Organogenesis, 91, 91-92, 92 1, 99 1 
Organ(s), 8-9 
Organ systems, 8-9, 10-11 
aeeesory organs, 116-120, 

654-655, 655 
eonneetive tissue, 63 
endoerine eells in, 510-511, 511 1 
target organs, 498-499, 499 
Oropharynx, 634, 635, 663 
Orthopedicx, 148 
Osmolarity, plasma, 522, 522 1 
Osmoreeeptors, 415 
Osmosis, membrane transport, 34 
Osseous tissue, 70, 70, lOt 
bone and, 132-133 
endoerine eells in, 510 
histology, 134-138, 135, 

137-138 
matrix, 135-136 
Ossifieation 

intramembranous, 139-140 ,140 
skeletal development, 176-178, 

177-178 

Osteoarthritis, 230-231, 230-232, 

231 1 

Osteoblasts, 134 ,135 
intramembranous ossifieation, 

139 ,140 

Osteoealein, 510, 512í 

Osteoelasts, 135 ,135 

Osteoeytes, 70, 134 ,135 

Osteogenesis imperfeeta, 71 

Osteogenie eells, 134, 135 

Osteology, 132-133 

Osteon, 70, 136, 137 

Osteoporosis, 144, 147, 147-148, 148í 

Osteoprogenitor eells, 134 ,135 

Osteosareoma, radioaetivity and, 132 

Otie capsule, 491, 492 

Otie dise, 491, 492 

Otie pit, 491, 492 

Otie plaeode, 491, 492 

Otie vesiele, 491, 492 

Otolithie membrane, 476, -477 

477^78 

Otoliths, 476, 477-478 
Otoselerosis, 474 

Oval window, 471-472, 471-473, 475 
Ovarian eyele, 717, 718-719, 720 
Ovarian folliele, histology, 510, 510 
Ovary(ies), 336, 499 
anatomy, 716-717, 716-718 
hormones, 504, 512 1 
prenatal development, 728 
Oviduct, 721 
Ovoidal eells, 27, 28 
Ovulation, 717, 718-719, 

720-721, 721 

Oxytocin, 415, 503, 503 1, 504 

P 

Paeemakers, 552 

Paeinian corpuscles, 462, 462 1, 463 
Paeked eell volume (PCV), 524 
Pain 

abdominal, 681 
reeeptors, 461 

referred pain, 465-466, 466 
reticular formation, 410 


senses and, 464-466 
value of, 465 
Palate, 164, 164, 332 
anatomy, 658, 659 
evolutionary signifieange, 165 
Palatine gland, 433 
Palatine rugae, 658 
Palatine tonsils, 634, 658 
Palatoglossal areh, 658 
Palatopharyngeal areh, 658 
Pallor, 115 

Palmar abduction, 218, 219 
Palpation, 3 
Palpebrae. See Eyelids 
Palpebral conjunctive, 480, 481 
Pampiniform plexus, 705, 706-707 
Panereas, 336, 341, 509, 655 
anatomy, 616-611, 676-677, 687 
(See also Panereatie islets) 
eeliae circulation, 585 
exocrine seeretions, 678f 
Panereatie amylase, 678/ 

Panereatie buds, 678, 679-680 
Panereatie ducts, 668, 669-670, 676, 

676-677, 677 

Panereatie islets, 508-509, 509, 511/ 
Panereatie juice, 677, 678/ 

Panereatie lipase, 678/ 

Paneth eell, 670, 670 
Papillary duct, 690, 695 
Papillary layer, 113 ,113 
Pap smears, 733 , 733 
ParaeelMar route, 693 
Paraesthesia, 493/ 

Parafollicular eells, 506, 506 
Parallel after-diseharge neural circuit, 

364, 364 

Parallel muscles, 239, 239 
Paralysis 

crutch paralysis, 388 
neuromuscular toxins, 249 
respiratory, 393 

spinal eord injury, 393-394, 394/ 
Paramesonephrie duct, 727, 728, 

728-730 

Paranasal sinuses, 155, 155, 159 
Paraplegia, 394 
Parasagittal plane, 12, 72 
Parasympathetie nervous system, 

352, 353, 444-445, 445, 450, 
451, 452 

digestive traet, 655-656, 656 
effeets, 453-456, 453/ 
penis, 715 

renal innervation, 449, 689 
Parathyroid capsule, 507 
Parathyroid gland, 499, 506, 507 
hormones, 511/ 

Parathyroid hormone (PTH), 511/ 
bone growth and, 144 
Paraurethral glands, 724, 725 
Parenehyma, exocrine glands, 76 
Paresthesia, 394/ 

Paresynaptie terminal, 355, 356 
Parieardial fluid, 17 
Parieardial sae, 17 
Pariearditis, 543 
Parietal eells, 664, 6611 
Parietal lobe, 400-401, 416, 425/, 426 
Parietal peritoneum, 18, 730, 730 
Parietal pleura, 17, 642, 642-643 


Parieto-oeeipital sulcus, 401, 416 
Parkinson disease, 422, 438/, 439, 439 
Parotid salivary, 434, 450, 451, 655, 

662, 662 

Partial perieardmm, 17 

Partial-thiekness burns, 127, 727 

Parturition (ehildbirth), 87 

Patau syndrome, 101 

Patella, 195, 196-197, 346-347 

Patellar retinacula, 226 

Patellar surface, 195 ,195 

Patellofemoral joint, 226, 226-227 

Patent ductus arteriosus, 559 

Pathologieal fracture, 145, 145/, 146 

Pattern baldness, 119 

Peetoral girdle, bones of, 185-190 

Pedal region, 16, 193 

Pedieels, 691, 693 

Pediele, 169 ,169 

Peg eells, 721, 727 

Pelvie brim, 190, 191-192, 337 

Pelvie eavity, 18 

Pelvie curvature, 168, 168 

Pelvie floor, muscles of, 

287Z-288/, 288 

Pelvie girdle, 190-193, 191-192 
Pelvie inflammatory disease, 734/ 
Pelvie inlet, 190, 191-192 
Pelvie kidney, 698 
Pelvie landmarks, 343 
Pelvis 

arteries, 584-586, 584/—587/ 

bones of, 190-193, 191-192 

female, 193, 194/ 

greater and lesser, 190, 191-192 

male, 193, 194/ 

renal pelvis, 687 

vein(s), 588-589, 588/-589/ 

Penis, 334, 335, 342, 697, 706-161 
anatomy, 713-715, 714 
eaneer, 732/ 

prenatal development, 728, 729, 730 
Pennate muscles, 239, 239 
Pepsin, 664 
Pepsinogen, 664 
Peptie ulcer, 668, 668 
Peptide YY, 510, 512/ 

Percursor eells, 525, 525 
Peroission, 4 

Perforating eanals, eompaet bone, 

136 ,137 

Perforating fibers, 133 
Perieardial eavity, 17, 17, 340, 541, 

541-542, 543, 543, 642, 
642-643 

Perieardial fluid, 543 
Perieardial sae, 543, 543 
Perieardmm, 17, 334, 543, 543 
Perichondrium, 70, 638 
Perieytes, 568 
Periderm, 123 ,123 
Perilymph, 473, 473 
Perimetrium, 718, 722 
Perimysium, 238, 238 
Perineal membrane, 287/, 288 
Perineal raphe, 705, 707, 725 
prenatal development, 729 
Perineum, 287/ 

Perineurium, 380, 381-382 
Periodontal disease, 661 
Periosteal layer, 402, 402 
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Periosteiim, 70, 133 
Peripherally inserted venous 

eatheter, 592 

Peripheral nerve fibers, 380, 380, 380t 
Peripheral nervous system (PNS), 

352, 353 

Peripheral neuropathy, 394/ 

Peripheral proteins, 32 
Perirenal fat capsule, 686-687, 687 
Peristalsis, smooth muscle, 256 
Peritoneal eavity, 341 
Peritoneum, 18, 341, 687 
female, 716-717 
Peritonitis, 452, 680/ 

Peroxisomes, 46 
Perpendicular plate, 156, 163, 

163, 634 

Persynaptie terminal, 248, 248-249 
Pes planus, 202/ 

Petrous part, 161 
Peyer patehes, 669, 669-670 
Phagoeytosis, 35, 35 
Phagosome, 35 
Phalanges, 188 ,190 
Pharyngeal arehes, 92, 97 
Pharyngeal groove, 492 
Pharyngeal pouches, 492, 513-514, 

514, 648, 680 
formation, 91-92, 93 
Pharyngeal tonsil, 634 
Pharynx, 332, 507, 631, 635, 655 
anatomy, 634, 663 
muscles of, 273/, 275/ 
prenatal development, 513 
Phemphigus vulgarus, 39 
Pheoehromoeytoma, 515 
Pheomelanin, 114 
Philtmm, 331, 635 
Phlebitis, 605/ 

Phospholipids, structure, 30, 32 
Photomierographs, 26 
Photopie vision, 487, 488, 489 
Photoreeeptors, 461, 486-489, 

487-489 

Physiology, anatomy and, 2 
Pia mater, 374, 374-375 
Pigmentation, skin, 114, 114-115 
Pigment retina, 491, 493 
Piloereetor muscle, 118 
Pilomotor muscle, 118 
Pilus, 116 

Pineal gland, 401, 499, 504-505, 511/ 
tumors, 515 
Pinoeytosis, 35, 35 
Pinoeytotie vesiele, 568 
Piriformis muscle, 311/, 312 
Piteher’s arm, 325/ 

Pituitary gland, 415, 429, 499 
anatomy, 500, 501-502, 502 
anterior and posterior, 500, 

501-502, 502-503, 503/, 504 
disorders, 515 
histology, 502 

hormones, 502-503, 503/, 504 
Pivot joints, 212, 213 
Plaeenta, 94, 95-96, 96, 96/ 
disorders, 95 
endoerine eells in, 511 
Plaeental conductivity, 96 
Plaeental mitrition, 95, 95 
Plaeenta previa, 95, 734/ 


Plane (gliding) joints, 212, 213 
Plane (butt) suture, 206, 207, 

208,211/ 

Plantar flexion, 219, 279 
Plantar interosseus muscles, 322/, 323 
Plaque formation, 603 
dental plaque, 661 
Plasma (blood) 
antibodies, 526 

eomponents and general properties, 
520-522, 521, 5221 
urine production and, 691, 693 
Plasma, blood, 71 
Plasma eells, fibrous tissue, 63 
Plasma membrane, 30-36, 31 
Plasma proteins, 522, 522/, 674/ 
Plasmin, 534 

Platelet-derived growth faetor 

(PDGF), 534 

Platelet plug, 533, 533-534 
Platelets, 71, 520-521, 521, 5221 
disorders, 535 
form and function, 532, 533 
production, 533, 533 
Pleurae, 11,17, 334, 631, 642, 

642-643 

Pleural eavity, 17-18, 336, 340, 

631, 643 
Pleural fluid, 17 
Pluripotent stem eells, 50 
Pnemnonia, 650/ 

Pneumothorax, 643 
Podoeytes, 691, 693, 695 
Poikiloeytosis, 535 
Polar body 

oogenesis, 717, 718-719, 720 
spermatogenesis, 85 
Poliomyelitis, 380, 380 
Polhition, reproduction and, 715 
Polyeythemia, 534-535 535/ 
Polydaetyly, 201-202, 202, 202/ 
Polygonal eells, 27, 28 
Polymastia, 122 
Polymers, bones and, 136 
Polymorphonuclear leukocytes 

(PMNS), 527, 528, 528/ 
Polyribosomes, 525 
Polyspermy, 86, 86-87 
Polythelia, 122 

Pons, 407-408, 409, 413/, 427, 

447, 634 

abducens nerve, 432 
respiratory system and, 645, 646 

vestibulococclear (VIII) nerve, 434 
Pontine respiratory group, 645, 646 
Popliteal ligaments, 226, 226-227 
Popliteal region, 226 
Popliteal surface, 195 ,195 
Popliteus muscle, 315/, 319-320 
Porta hepatis, 673, 674-675 
Portal circulation system, 

571-572, 572 

Positive end-expiratory pressure 

(PEEP), 648 

Positron emission tomography 

(PET), 5, 6 

Posteentral gyms, 421, 421 
Posterior areh, 169-170, 170 
Posterior ehamber, 482-484, 482-484 
Posterior cruciate ligament, 228 
Posterior mesentery, 18, 79 


Posterior nasal apertures, 162 ,162 
Posterior spinal traets, 375, 376, 

316t, 378 

Posterior tubercle, 169-170 ,170 
Postganglionie fiber, 445, 445, 445/ 
Posttraumatic avascular neerosis, 196 
Potential spaees, 18, 643, 721-722 
Pott fracture, 202/ 

Power stroke, excitation-contraction 

coupling, 251, 252 
Preeapillary sphineter, 567, 570 
Preeentral gyrus, 400, 421, 422 
Preeoeial puberty, 515 
Preeelampsia, 734/ 

Preembryonie stage 
events, 88-90, 89-90 
prenatal development, 87, 88/ 
Prefrontal cortex, 418, 419, 420, 

420, 424 

Preganglionie fiber, 445, 445, 445/ 
Pregnaney 
eetopie, 89 
trimesters, 87 

Premature birth, respiratory distress 

syndrome, 648 
Premenstrual phase, 724 
Prenatal development 
autonomic nervous system, 456-457 
blood vessels, 601-603, 601-603 
elinieal perspeetives, 100-104 
digestive system, 678, 679-680 
ear, 491, 492 

endoerine glands, 512-514, 

513-514 
eye, 491, 493 
faeial bones, 177 
foot, 200-201, 201 
heart, 557-558, 558 
integumentary system, 123-124, 
123-124 

intervertebral dises, 177, 177-178 
meroerine glands, 124 ,124 
muscles, 257-259, 258, 260/ 
myelin, 367 

nervous system, 365-368, 368 
reproductive systems, 727, 

728-730, 730 

respiratory system, 647, 648 
skeleton, 176-178, 177-178 
skin, 123-124, 123-124 
skull, 176, 176-177 
spinal nerves, 367 
stages, 87-99, 88/, 97-98, 99/ 
upper limb, 200-201, 201 
urinary system, 697-698, 699 
vertebral eohimn, 177-178 ,178 
Prenatal nutrition, 95, 95 
Prepuce, 342 

female, 716-717, 724, 725 
male, 706-707, 713-715, 714 
prenatal development, 729 
Presbyopia, 486, 486/ 

Pressure sores, 80 
Primary germ layer, 87 
Primary gustatory cortex, 420, 420 
Primary nail field, 124 
Primary narrow eavity, 139 
Primary olfaetory cortex, 469, 

469-470 

Primary ossifieation eenter, 139 
Primary somatosensory cortex, 421 ,421 


Primary spermatoeytes, 708, 710-712 
Primary tissue, 54, 54/ 

Prime mover muscle, 240 
Primitive gut, formation, 91 
Primitive streak, 89 
Primordial germ eells, 709, 

710-112, 720 
Prineipal eells, 695 
Procarboxypeptidase, 678/ 

Procedural memory, 424 
Proeesses of bone 
alveolar, 164 
anterior elinoid, 162, 162 
eiliary, 483, 484 
eondylar, 165, 165 
eoraeoid, 186, 186 
eoronoid, 165, 165 
eostal, 178, 178-179 
inferior articular, 169 ,170 
mastoid, 161 ,161 
middle ear, 471-472, 471-472 
odontod, 170, 170 
palatine, 157, 164 
pterygoid, 157, 162 
spinous, 169, 169, 170-171 ,171 
styloid, 160, 161, 187, 188, 
344-345 

superior articular, 169, 170, 

172, 173 

transverse, 169 ,169 
xiphoid, 173, 174, 338 
zygomatie, 160 ,161 
Progesterone, 509-510, 510, 512/ 
Programmed eell death, 46, 80-81 
Projeetion pathways, 376-377, 416, 

417, 463-465, 465 
auditory, 472, 475, 476-477, 
476-478 

gustatory, 468, 468 
olfaetory, 469, 470 
somatosensory, 463-464, 465 
vestibular, 479, 479 
visual, 489-490, 490 
Prolaetin, 501, 503, 503/, 504 
Prolaetin-inhibiting hormone, 501, 

502, 502/ 

Pronation, 9 
offoot, 219,279 
synovial joints, 216-217, 277 
Pronator quadratus muscle, 301/, 302 
Pronator teres muscle, 301/, 302 
Prone position, 9 
Pronuclei, 86, 87 
Prophase 
meiosis, 710 
mitosis, 48, 49 
Proplatelets, 533 
Proprioeeptors, 461 
Proseminogelin, 713 
Proseneephalon, 366, 366 
Prostaglandins, 713 
Prostate eaneer, 713 
Prostate gland, 342, 697, 

706-101, 713 
diseases, 713 

prenatal development, 728 
Prostate-speeifie antigen, 713 
Prostatie urethra, 696, 697 
Prostatie utricle, 727 
Prostheses, joints, 231, 232 
Proteasomes, 43, 44, 45 
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Proteins 
eontraetile, 246 
globin, 524, 524 
glyeoproteins, 32 
membrane proteins, 32-33, 33 
metabolism, 674í 
motor proteins, 37-38 
peripheral proteins, 32 
plasma, 522, 522? 
production, 45 
regulatory, 246 
in urine, 692 
Proteinuria, 692 
Proteoglyeans, 64 
Prothrombin, 522, 522? 
Protofilaments, 40, 42 
Protraetion 
of mandible, 211,218 
synovial joints, 214, 215, 216 
Proximal convoluted tubule (PCT), 

689-690, 692-694, 699 
Pseudopods, 38, 38 
Pseudostratified columnar epithelium, 

57, 59, 59? 

Pseudounipolar neurons, 356, 

356-357 

Pterygoid muscles, 274, 21\t 
Pterygoid plates, 162, 162 
Pubarche, 731 
Puberty, 731 
preeoeial puberty, 515 
Pubic symphysis, 190, 191-192, 342 
female, 716-717, 730 
male, 706-707, 707, 730 
Pubis, 190, 191-192, 193 
Pubofemoral ligament, 224, 225 
Pudendum, 724, 725 
Pulled elbow, 224, 224 
Pulmonary circuit, 540-541, 540-541, 

572, 573 

Pulmonary eollapse, 643 
Pulmonary groove, 647, 648 
Pulmonary surfactant, 641, 642 
Pulmonary valves, 546, 

546-547 
Pulp eavity, 661 
Punctum, 480, 481 
Pupil, 482-484, 482-484 
Pupillary eonstrietor, 450, 451, 483 
Pupillary dilator, 483 
Purkinje eells, 351, 356, 411, 

412, 422 

Purkinje fibers, 553, 553 
Putamen, 419, 419, 426 
Pyelitis, 696 
Pyelonephritis, 696 
Pylorie eanal, 664, 665-666, 

661, 661t 

Pylorie glands, 664, 665-666, 

661, 661t 

Pylorie region, 664, 665-666, 

661, 661t 

Pylorie (gastroduodenal) sphineter, 

664, 665-666, 661, 6611 
Pyloras, 664, 665-666, 

661, 661t 

Pyramidal lobe, thyroid gland, 

505-506, 505-506 
Pyramidal traets, 378, 379 
Pyramids, 406, 407-408 
Pyrimidal eells, 417, 418, 422 


Q 

Quadrants, anatomieal, 15, 75 
Quadriplegia, 394 

R 

Rabies (hydrophobia), 394í 
Radial abduction, 218, 219 
Radial eollateral ligaments, 223, 

223-224 

Radial flexion, 217, 27 8, 219 
Radialnoteh, 187, 187-188 
Radioaetivity, bone eaneer and, 132 
Radiography, 4, 5 
Radiologie anatomy, 2, 4 
Radiologie teehnieians, 4 
Radiologists, 4 
Radiology, 4 

Radioulnar joints, 223, 223-224 
Radius, 187, 187-188,344 
styloid proeess, 344 
Ramus (rami) 
communicating, 446 
gray communicating, 448, 448 
of isehmrn, 191, 792 
of mandible, 165 ,165 
pubic, 725 
of pubic bone, 193 
spinal nerves, 384, 384-385 
white communicating, 448, 448 
Range of motion, synovial joints, 

219-220 

Raynaud disease, 457í 
RBC count, 524 
Reeeptive field, 463, 464 
Reeeptor-mediated endoeytosis, 35 ,35 
Reeeptors 

autonomic nervous system, 
453-454, 453í, 454, 454í 
eholinergie, 454 
elassifieation, 461 
irritant, 645, 646 
membrane proteins, 32, 33 
nervous system, 352, 353 
olfaetory, 469, 469-470 
respiratory system, 645, 646 
streteh, 645, 646 
Reeovery stroke, excitation- 

eontraetion coupling, 251, 252 
Reetal valves, 671, 672 
Rectouterine pouch, 716-717, 122 
Rectum, 337, 342, 584, 589, 655 
anatomy, 671, 672 
female, 716-717 
male, 706-101 
Rectus sheath, 333 
abdominal wall, 28lí—283í 
Red blood eells (RBCs), 71, 523-526, 

523-526 

eomplete blood count (CBC), 532 
hypoehromie, 534 
mieroeytie, 534 

Red bone marrow, 138, 138, 342 
erythroeyte production, 525 
Reflex ares, 392, 392 
digestive traet, 656, 656 
Reflexes 

autonomic, 468, 468 


monosynaptie, 392 
photopupillary, 483 
postural, 479, 479 
somatie, 391-393, 392, 393 1 
spinal eord, 372, 373 
tympanie, 475, 476 
vestibulo-ocular, 479, 479 
viseeral, 392 
Regeneration 
nerves, 361 
tissue repair, 79-80 
Regeneration tube, 361 
Regional anatomy, 2, 330 
Regulatory proteins, 246 
Relaxation, 250-251, 252 
Releasing hormones, 502, 502í 
Renal agenesis, 93 
Renal capsule, 690 
Renal circulation system, 687, 

688-689, 689 
Renal columns, 687, 688 
Renal corpuscle, 689-693, 

690-695, 695 

Renal cortex, 687, 688, 690 
Renal failure, 700, 700/ 

Renal faseia, 686-687, 687 

Renal fraetion, 687 

Renal innervation, 449, 689 

Renal medulla, 687, 688-689 

Renal papilla, 687, 688, 690 

Renal pyramids, 687, 688 

Renal tissue eap, 699 

Renal tubule, 689, 690, 690, 692-693, 

692-695, 695 
Renin, 694 

Reposition, of thumb, 218, 219 
Representational hemisphere, 

424-425, 425 

Reproductive systems, 9, 11, 703-734. 

See also Female reproductive 
system; Male reproductive 
system 
aging, 731 

disorders, 731-733, 732t, 733, 734t 
overview, 704-705, 704í 
polhition and, 715 
prenatal development, 727, 

728-730, 730 
puberty, 731 

Resistanee, muscular, 241, 241 
Resolution, mieroseopy, 26, 27 
Resorption bays, 135 ,135 
Respiratory eenter, 406, 407-408 
Respiratory distress syndrome (RDS), 

premature birth, 648 
Respiratory membrane, 641, 642 
Respiratory mucosa, 468, 469 
Respiratory system, 9, 10, 631-650 
aging, 649 

lower respiratory traet, 637-643 
muscles, 219t 
neuroanatomy, 645, 646 
neuromuscular eomponents, 643, 
644, 646-647 
obstraetive disorders, 649 
overview, 631, 631 
paralysis, 393 
pathology, 649, 650í 
prenatal development, 647, 648 
restrietive disorders, 649 
upper respiratory traet, 632-637 


Rete testis, 708, 709 
Reticular fibers, 64 
knee, 226 

Reticular formation, 378, 406, 

407-408, 410, 410, 413 1, 479 
Reticular layer, 113 ,113 
Reticular tissue, 64, 65, 65 1, 67 
Reticulocytes, 525 
Reticulospinal traets, 375, 376, 316t, 

318,379, 410, 412 
Retina, 429, 482-484, 482-484 
circuitry and visual sensitivity, 

488-489, 489 
detaehed, 484 
development, 491, 493 
structure and function, 486-489, 
487-489 

Retraetion, synovial joints, 214, 

215, 216 

Retroperitoneal region, 658 
Retroperotineal region, 18, 18 
Reverberating neural circuit, 364, 364 
Reverse osmosis, 34 
Rhabdomyoma, 260í 
Rhabdomyosareoma, 260 1 
Rheumatic fever, 560? 

Rheumatism, 230-231, 230-232, 231 1 
Rheumatoid arthritis, 230-231, 

230-232, 231 1 
Rheumatology, 230-231, 

230-232, 231 1 
Rh ineompatibility, 526 
Rhombeneephalon, 366, 366 
Rhomboid major and minor muscles, 

296, 296?, 299 
Rib eage 
anatomy, 334 
breast, 726 
Ribonuclease, 678? 

Ribosomes 
organelles, 42-43 
structure, 43 

Rib(s), 174, 174, 337, 340, 446, 

674, 685 
articulation, 175? 
development, 178, 178-179 
RICE treatment (rest, iee, 

eompression, elevation), 324 
Riekets, 136 
Rider’s bones, 325? 

Right eolie (hepatie) flexure, 671, 672 
Right lower quadrant, 15, 75 
Right upper quadrant, 15, 75 
Rods, 486-489, 487-489 
Root eanal, 661 
Root(s) 

eonneetive tissue, 117, 118 
epithelial, 777, 118 
hair, 117, 777 
lung, 639 

nail, 119-120 ,120 
nasal, 635 
nose, 331 

penis, 342, 706, 713-715, 714 
roots, 382, 383-385 
teeth, 660-661, 660-661 
tongue, 659, 659 

Rostral direetion, 399, 400-401, 402 
Rotation 

of head, 217, 218 
synovial joints, 216, 276 
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Rotator cuff, 300, 300/ 

Rough endoplasmie reticulum, 43 
Round window, 471, 471^72, 474, 475 
Rubrospinal traets, 379, 409 
Ruffled border, bone eell, 135 ,135 
Rugae, 696, 697 
vaginal, 716-717, 724 

s 

Saccule, 472, 475-478, 476^78, 492 

Saeral eanal, 172, 173 

Saeral erest, median and lateral, 172, 

173 

Saeral hiatus, 172, 173 
Saeral promontory, 172, 173 
Saeral region, 372, 373 
Saeral vertebrare, 167, 167-168, 172, 

172-173 

Saeroiliae joint, 172, 173, 190, 

191-192 

Saerrnn, 172, 172-173, 337, 339, 342 
Saddle joints, 212, 212-213 
Sagital suture, 156, 158, 160 
Sagittal plane, 12, 72 
Salivary amylase, 661 
Salivary ducts, orifiees, 658 
Salivary glands, 76, 434, 450, 451, 

661-662, 662 
extrinsic, 661-662, 662 
intrinsie, 661-662, 662 
Sareolemma, 245 
Sareomeres, 246, 246-247, 247/ 
Sareoplasm, 245 

Sareoplasmie reticulum (SR), 245, 

553-554, 554 
smooth muscle, 255 
Satellite eells 

muscle development, 257-258, 258 
peripneral nervous system, 357/, 
358, 359 

Seala tympani, 472-473, 473-474 
Seala vestibuli, 472-473, 473-474 
Sealenes muscles, 277/, 278 
Sealp, 332 
muscles, 268, 270/ 

Seanning eleetron mieroseope (SEM), 

26,27 

Scapula, 185-186 ,186 
glenohumeral joint, 221-223, 223 
inferior angle, 339 
medial border, 339 
Scapular muscles, 297/, 298 
Sehizophrenia, 438/ 

Schwann eells, 357/, 358, 358 
fetal development, 367 
nerve regeneration, 361 
Seiatie nerve, 390, 390/ 

Seiatie noteh, 191, 792 

Selera (eyeball), 482-484, 482^84, 

487, 493 
Selerosis, 358 
Selerotome, 92 
Seoliosis, 168 ,168 
Seotopie vision, 487, 488, 489 
Scrotum, 334, 335, 342, 705, 706-708 
prenatal development, 729-730 
Scurvy, 64 

Sebaceous glands, 727, 122 
prenatal development, 124 ,124 


Sebum, 122 

Seeondary marrow eavity, 140 
Seeondary sex eharaeteristies, 731 
Seeondary spermatoeytes, 708, 710-712 
Seeond-elass lever, 242, 243 
Seeond-degree burns, 127, 727 
Seeond gap (G 2 ) phase, eell eyele, 47 
Seeretion, neuronal, 353 
Seeretory eells, 726 
Seeretory vesieles, 43 
Segments, anatomieal, 16 
Sella turcica, 162 ,162 
Semen, 713 

Semicircular eanals, 472, 473 
Semieirailar ducts, 434, 471, 471-472, 

475-478, 476^78, 492 
Seminal vesiele, 342, 706-101 , 713 
prenatal development, 728 
Seminiferous tubule, 510, 510, 705, 

706-708, 711 
Seminogelin, 713 

Sense organs, 461. See also Ear; Eye; 

Tongue, ete. 
arterial, 567, 567 
disorders of, 491, 493/ 

Senses 

ehemieal, 466-470 
general, 420-421, 461-463, 

462, 462/ 
sense organs, 461 
smell, 468-470, 469-470 
speeial, 420 

taste, 466-468, 467-468 
Sensorineural (nerve) deafness, 474 
Sensory afferent nervous system, 

352, 353 

neurons, 354, 354 

Sensory homunculus, 421, 421, 465 

Sensory nerves, 381 

Septa 

exocrine glands, 76 
interarterial, 545, 555 
interatrial, 544, 545, 546 
intermuscular, 294 
interventricular, 541, 544, 545, 546, 
557, 558 

medium, 714, 714 
nasal, 633, 634-635 
scrotum, 705, 706-707 
Septal defeets (heart), 560/ 

Septieemia, 535/ 

Serine protease, 713 
Serosa, 18, 18, 655, 656 
liver, 673, 674-675 
small intestine, 670 
stomaeh, 666 
Serotonin, 533, 533-534 
Serous demilune, 662 
Serous membranes, 17, 19, 78, 79 
digestive traet, 657 
Serrate suture, 206, 207, 208, 211/ 
Sertoli eells, 510, 510, 707 
Semm, plasma, 522, 522/ 

Sex eharaeteristies, 704-705, 704/ 

Sex organs, primary and seeondary, 

704, 704/ 

Sex steroids, 508, 508 
bone growth and, 144 
Sexual differentiation, prenatal 

development, 727, 

728-730, 730 


Sexual dimorphism, pelvis, 193 
Sexually transmitted diseases, 

732-734 

Sexual reproduction, 704 
Sexual responses, 415 
Shaft, hair, 117,777 
Shingles, 384 
Shinsplints, 325/ 

Shoek, spinal shoek, 393-394, 394/ 
Shoulder 

bones, 185-186 ,186 
disloeations, 223-224 
joint, 221-223, 223, 229/ 
muscles, 278, 295/-296/, 296 
Siekle-eell disease, 536 
Signal conduction, myelin and, 

360-361 

Simple diffusion, 33-34, 34 
Simple epithelia, 57, 58/—59/ 
Single-unit smooth muscle, 256, 256 
Sinoatrial (SA) node, 552, 553 
Sinuses 
anal, 671, 672 

earotid, 434-435, 567, 576/-578/, 
577-578 

cavernous, 579/-580/, 580-581 
eonfhienee, 579/-580/, 580-581 
eoronary, 550, 552 
dural, 402, 402 

dural venous, 579/-580/, 580-581 

frontal, 332, 634 

inferior sagittal, 579/-580/, 

580-581 

lactiferous, 725-726, 726-727 
renal, 687, 688 
seleral venous, 483, 484 
sigmoid, 579/-580/, 580-581 
skull, 155, 155, 159 
sphenoid, 634 

straight, 579/-580/, 580-581 
superior sagittal, 402, 402, 
579/-580/, 580-581 
transverse, 402, 402, 579/-580/, 
580-581 
urogenital, 728 
venous, 571 

Sinusoids (discontinuous eapillaries), 

568, 569 
hepatie, 589 
Sinus venosus, 557, 558 
Sister ehromatids, 48 
Situs inversus, 6 
Situs perversus, 6 

Skeletal muscle, 73, 74, l\t, 237-260 
anatomy, 237-244 
attaehments, 239-240, 240 
blood supply, 250, 250 
eontraetion and relaxation, 250- 
253, 252 

developmental and elinieal 

perspeetives, 257-259, 260/ 
fibers, 236, 236, 244-247, 244-247 
functional groups, 240-241 
mieroseopie anatomy, 244-250 
muscle fiber elassifieation, 
253-254, 253/, 254/ 
pump, 571, 577 
reflexes, 392 
structural hierarehy, 247/ 

Skeletal system, 9 ,10 
aging and, 144-145 


appendicular skeleton, 184-202 
axial skeleton, 151-180 
bone development, 139 
bone disorders, 145-148 
bones of, 153, 153/ 
developmental and elinieal 
perspeetives, 176-180 
fetal skeleton, 176 ,176 
functions, 132 
joints, 205-232 

osseous tissue histology, 134-145 
overview, 752, 152-153, 153/ 
skull, 155-166 
tissue and organs, 132-134 
vertebral column and thoraeie eage, 
167-175 

Skene glands, 724, 725 
Skin, 109-116 
burns, 126-127, 727 
eaneer, 125-126, 126 
eolor, 114, 114-115 
disorders, 125-127, 125-127, 125/ 
endoerine eells in, 510, 512/ 
functions, 109 
markings, 116 

prenatal development, 123-124, 
123-124 
serotal, 707 

stratifieation, 113-114, 114/ 
structure, 76, 109 ,110 
Skin grafts, 128 

Skull, 155, 755, 156-158, 159-166, 

159/ 

bipedalism and adaptation of, 166, 
166 

development, 176, 176-177 
fractures, 179-180 ,180 
Sleep 

apnea, 645, 650/ 
hypothalamie eontrol, 415 
reticular formation, 410 
Slow bloek to polyspermy, 86, 

86-87 

Slow oxidative muscle fibers, 

253-254, 253/, 254/ 
Slow-twitch muscle fibers, 253-254, 

253/, 254/ 

Small intestine, 335, 341, 342, 

435, 657 

anatomy, 667-670, 668-670, 687 
endoerine eells in, 510, 512/ 
Smears 
blood, 71 
tissue, 55 
Smegma, 713 

Smell, 420, 429, 429/, 468-470, 

469-470 
reeeptors, 461 

Smooth endoplasmie reticulum, 43 
Smooth muscle, 73, 74, l\t, 236, 254, 

255-257, 255/, 256 
bronehial, 641 

juxtaglomerular apparatus, 695 
tone, 257 

Sodium biearbonate, 677, 678/ 
Sodium-potassium (Na + -K + ) 

pump, 35 

Soft palate, 164, 631, 658 

Soma. See Neurosoma 

Somatie efferent pathways, 445, 445, 

445/, 448 
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Somatie motor fibers, 72, 248, 381, 

38U 410 
faeial nerve, 433 
oculomotor nerve, 427-428, 430 
Somatie motor nerves, 352, 353, 443 
Somatie reeeptors, 392 
Somatie reflexes, 391-393, 392, 393 1 
Somatie sensory nerves, 352, 353 
Somatomedins. See Insulin-like 

growth faetors 

Somatosensory assoeiation area, 421 
Somatosensory nerves, 386, 386 1, 

420-421 

Somatosensory senses, 420-421 
Somatostatin, 501, 502, 502í, 509, 

509, 511 t 

Somatotopy, 421, 421 
Somatotropin. See Growth hormone 
Somites, 91-92, 97, 678, 679-680 
Sonography, 6, 6 
Sound waves, auditory function, 

475, 475 

Spastie eerebral palsy, 104 
Spatial orientation and movement, 

478-479, 478-479 
Sperm, 704, 709, 710-712, 711, 711 
Spermatie eord, 705, 706-708, 730 
Spermatie ducts, 712 
Spermatids, 708, 709, 710-712 
Spermatoeytes, 708, 710-712 
Spermatogenesis, 709, 710-712, 711 
meiosis, 85 

migration and eapaeitation, 85-86 
Spermatogonia, 709, 710-112 
Spermatozoon, 711, 712 
Sperm count, 713 

Spermiogenesis, 709, 710-712, 711 
Sphenoid sinus, 155, 155, 159 
Sphenomandibular ligament, 221, 227 
Spheroidal eells, 27, 28 
Sphineter muscles, 73 
Spicules, 136 

Spina bifida, 367-368, 368 
Spinal eord, 332, 340-341, 372-379, 

373-374, 376-377, 376 t, 

379, 427 

eentral eanal, 374, 375 
eross-seetional anatomy, 374, 375 
disorders, 393-394, 394í 
injury, 179, 179-180, 393-394, 394í 
regions, 447 

spinal nerves and, 384, 384-385 
surface anatomy, 312, 373 
traets, 375, 376 

vestibular projeetion pathways, 

376, 479 

Spinal curvature, abnormal, 168, 168 
Spinal gating of pain, 466, 466 
Spinal meninges, 373-375, 374 
Spinal meningitis, 394í 
Spinal nerves 
aeeessory nerve, 436 
anatomy, 382, 383-385 
distal branehes, 384, 384-385 
fetal development, 367 
proximal branehes, 382, 384 
rami, 384, 385 

sympathetie nervous system, 448 
Spinal shoek, 393-394, 394 1 
Spinal stenosis, 179f 
Spinal taps, 375, 404 


Spinal traets, 375-379, 376-377, 

316t, 379 

aseending, 375-378, 376, 316t, 377 
decussation, 375, 376, 316t, 378 
deseending, 375, 376, 316t, 
378-379, 379 
Spindle fibers, 48 
meiosis, 710 
Spine 

curvatures, vertebral column, 168, 

168, 169 

vertebral eohimn, 167-168, 

167-175 

Spinoeerebellar traets, 375, 376, 316t, 

378, 406, 407-408, 409, 412 
Spinoreticular traet, 376, 316t, 378 
Spinothalamie traet, 376, 316t, 378, 

407^08, 409 
Spiral organ, 473, 474 
Spleen, 335, 336, 589, 687 
eeliae circulation, 585 
vagus nerve, 435 
Splenius eapitis and eervieis 

muscles, 278 
Spondylosis, 179í 
Spongioeytes, 508, 508 
Spongy (penile) urethra, 696, 697 
Spontaneous abortion, 100, 134t 
Spreads, tissue, 55 
Squamous eell eareinoma, 126, 126 
Squamous eells, 27, 28 
alveoli, 641, 642 
simple epithelia, 57, 58, 58 1 
stratified epithelia, 51,60, 60 1 
Squamous suture, 156, 158, 160 
SRY gene, 727 
Sserratus anterior muscle, 

295t-296t, 296 
Stab eells, 527 
Stability, muscles, 237 
Stains, tissue seetions, 55 
Stapes, 166, 471-472, 471^72, 475 
Statie equilibrium, 475-478, 476-478 
Stellate eells, 27, 28, 418 
Stem eells, 50 
epidermis, 110-111, 111 
hemopoietie stem eell, 525 
stomaeh, 664, 665-666, 661, 6611 
Sterility, 713, 714í 
Sternal angle, 173, 174 
Sternalbars, 179 
Sternal end (elaviele), 185, 185 
Sternoclavicular joint, 185 
Stermim, 173, 173-174, 331, 334, 

338, 340, 541, 674 
development, 179 
Steroid hormones, 507-508, 508 
Stigma, ovulation, 720, 720-721 
Stimuli, neuronal, 353 
Stomaeh, 334, 335, 341, 655, 657 
anatomy, 664, 665-666, 661, 

6611, 687 

eeliae circulation, 585 
endoerine eells in, 510, 512í 
prenatal development, 680 
vagus nerve, 435 
Strains, joints, 231 1 
Stratified epithelia, 51,60, 60 1 
Stratified epithelium, 57, 60-61, 60-61 1 
Stratum basale, 111,777, 114 1 
endometrium, 722, 722 


Stratum corneum, 111, 112, 114f 
Stratum functionalis, 722, 722 
Stratum granulosum, 111, 111-112, 

114í 

Stratum lucidum, 111, 112, 114 1 
Stratmn spinosum, 111,777, 114 1 
Stress fractures, 145, 145í, 146 
Streteh reflex, 393, 393 1 
Striae (streteh marks), 113 
Striations 

eardiae muscle, 554, 554 
muscle, 73, 246, 246-247 
skeletal muscle, 236, 236 
Stroke, 605 1 
Stroma 

exocrine glands, 76 
liver, 675, 675 
panereatie, 611,677 
Styloglossus muscle, 273 
Subacromial bursa, 223, 223 
Subarachnoid spaee, 374, 374, 400, 

403 

Subcoracoid burse, 223, 223 
Subcutaneous fat, 113-114 
Subcutaneous tissue, structure, 109- 

110, 110, 113-114, 114 1 
Subdeltoid bursa, 223, 223 
Subdural spaee, 400, 403 
Sublingual gland, 433, 655, 659, 662, 

662 

Sublingual orifiee, 658 
Subluxation, joints, 231 1 
Submandibular gland, 433, 655, 659, 

662, 662 

Submandibular orifiee, 658 
Submucosa, 655, 656 
stomaeh, 666 

Subscapular bursa, 223, 223 
Substantia nigra, 409 
Sudorferous glands, 120-121, 727 
Sulcus (sulci) 
alar nasal, 635 

of brain, 399, 400-401, 415-416, 
416, 479, 480 
eoronary, 542-544, 545 
gingival, 660-661, 660-661 
interventricular, 542, 544, 545 
intraventricular, 545 
terminal, 659, 659 
Superciliary ridge, 331 
Superficial faseia of penis, 714 
Superficial perineal spaee, 287í, 288 
Superior articular faeet, 169, 170 
Superior eerebellar peduncles, 410 
Superior colliculi, 407, 409 
Superior eonehae, 163, 163 
Superior palpebral sulcus, 331 
Superior peduncles, 407, 411, 

411^12 

Superior sagittal sinus, 402, 402 
Superior vertebral noteh, 169, 170 
Supination, 9 
offoot, 219,279 
synovial joints, 216-217, 277 
Supinator nrnsele, 301 1 , 302 
Supine position, 9 
Supporting eells (tongue), 467, 468 
Supracondylar ridges, 187, 187 
Suprahyoid muscle group, 27 5t, 276 
Supraorbital margin, 160 
Suprascapular noteh, 186, 186 


Supraspinatus muscle, 299-300, 300í 
Suprasternal noteh, 173, 173, 331, 338 
Surface anatomy, 2, 330 
Surgery 

arthroseopie, 227, 227-228 
exploratory, 4 
tension lines and, 113 
Sustentacular eells, 510, 510, 707, 

708, 711 
Sutures 

joints, 206, 207, 208, 211 1 
skull, 155, 155, 156 
Swallowing eenter, 213t-216t, 276, 663 
Sweat 

glands, 76, 120-121, 727 
skin function, 109-110 
Sweatglands, 120-121, 727 
Swell body, 633, 634-635 
Sympathetie nervous system, 352, 

353, 444-445, 445, 452 1 
abdominal eomponents, 449, 449 
adrenal medulla, 507, 508 
anatomy, 446-449, 446-450 
eentral eontrol, 455-456, 456 
digestive traet, 655, 656 
effeets, 453-456, 453í 
heart and, 554-555 
pathways, 448, 448 
prenatal development, 514, 514 
renal innervation, 449, 689, 695 
Symphyses, 208, 209, 211 1 
Synapses 

ehemieal, 362-363, 363 
eleetrieal, 363 

neural circuits and, 361-363, 
362-363 

Synaptie eleft, 248, 248-249, 362, 363 
Synaptie vesieles, 248, 249, 362, 363 
tongue, 467 

Synarthrosis/synoarthroidal joint, 

206, 207 

Synehondroses, 208, 209, 211 1 
Syneytiotrophoblast, 88 ,90 
Syndaeytyly, 201-202, 202, 202 1 
Syndesmosis, 207, 208, 211 1 
Synergist muscle, 240 
Synostosis, 206, 211 1 
Synovial fluid, 210, 210 
Synovial joints, 209-230, 229 1 
abduction/adduction, 214, 275 
anatomy, 210, 210, 220-230 
circumduction, 216, 276 
elassifieation, 210-211, 211 1 
elevation and depression, 214, 215 
flexion and extension, 213, 214 
movement, 213-219, 214-219 
protraetion and retraetion, 214, 

215, 216 

range of motion, 219-220 
rotation, 216, 276 

supination/pronation, 216-217, 277 
Synovial membrane, 210, 210 
Synovitis, 231 1 

Synthesis (S) phase, eell eyele, 47 
Systemie anatomy, 2 
arteries, 574 
veins, 575 

Systemie circuit, 540-541, 540-541 
appendicular region, 590-600 
axial region, 573, 574-590 
Systolie eontraetion, 555, 555-556 
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T 

Taetile (Merkel) eells, 111,777 
Taetile corpuscle, 462, 462/, 463 
Taetile dise, 462, 462/, 463 
Taeniae eoli, 671, 672 
Talipes, 201-202, 202, 202/ 
Taloemral (ankle) joint, 228, 228-229 
Target organs and eells, 498-499, 499 
Tarsal gland, 480, 481 
Tarsal plate, 480, 481 
Tarsal region, 16, 193 
Taste, 420, 466-468, 467-468 
eells, 467, 467 

glossopharyngeal (IX) nerve, 434 
hairs, 467, 467 
pores, 467, 467-468 
primary sensations, 468 
reeeptors, 461 
Taste buds, 466-468, 467 
Tay-Saehs disease, 361 
Teetorial membrane, 473, 474 
Teetospinal traets, 375, 376, 316t, 

378, 379, 406, 407^08 
Tectum, 378, 379, 407, 409 
Teeth, 655, 659, 660-661, 660-661 
diseases, 661 
Tegmentum, 407, 409 
Teleneephalon, 366, 366-367, 493 
prenatal development, 513 
Telogen phase, hair eyele, 119, 779 
Telophase 
meiosis, 710 
mitosis, 49, 50 

Temporalis muscle, 274, 27 4t 
Temporal lobe, 400-401, 416, 425 1, 

426, 427 

Temporomandibular joint, 165 ,165 
anatomy, 220, 227 
syndrome, 220 
Tendinitis, 210 

Tendinous eords, 544, 546, 546, 547 
Tendon organ, 462, 462 1, 463 
Tendon(s). See also speeifie tendons 
abdominal wall, 281í-283í 
Aehilles, 228, 229, 316f, 318 
aetion of, 220 

bieeps braehii, 221-223, 223 
bieeps femoris, 348 
ealeaneal, 348 

earpal tunnel syndrome, 307, 307 
elbow, 223, 223-224 
extensor digits, 344, 345 
extensor pollieis brevis, 345 
extensor pollieis longus, 345 
fibularis longus and brevis, 347 
flexor earpi radialis, 345 
foot, 316í, 317 
forearm, 306, 306 1 
joints and, 210 

knee, 226, 226-227, 313, 313 1, 

314, 315í 

leg, 313, 313 1, 314, 315 1 
muscle attaehments, 239-240, 240 
palmaris longus, 303-304, 
303í-305í, 345 

quadriceps femoris, 196-197, 346 
quadriceps tendon, 226, 226-227 
quadriceps (patellar) tendon, 

313, 313 1 


reflex, 393, 393í 
respiratory system, 27 9t 
semimembranous, 347 
semitendinosus, 347, 348 
shoulder, 221-223, 223 
superior oblique, 481 
tibialis anterior, 347 
wrist and hand, 303í-306í, 304-306 
Tendon sheaths, 210, 277 
Tennis elbow, 325/ 

Tennis leg, 325í 
Tension lines, surgery and, 113 
Tentorium, 402, 402-403 
Teratogens, 102-103 ,103 
Teratology, 100 

Teres minor muscle, 299-300, 300/ 
Terminal arborization, 355, 356 
Terminal bronehioles, 640, 641 
Terminal hair, 117 
Terminal web, 40 
Termìnologìa Anatomìea (TA) 

system, 20 

Testes, 335, 342, 499 
anatomy, 705, 706-708 
deseent, 730, 730 
histology, 510, 510 
hormones, 504, 512 1 
prenatal development, 728, 730 
Testicular eaneer, 715, 732/ 
Testis-determining faetor (TDF), 727 
Testosterone, 510, 512/ 

Tetrads, meiosis, 710 
Tetraiodothyronine, 506 
Thalamus, 403, 407, 410, 411-412, 

413-415,474, 418 
auditory function, 476 
at brainstem, 376 
faeial nerve, 433 
geniculate nuclei of, 490, 490 
optie nerve (II), 429 
pain signals, 465 
taste and, 468, 468 
vestibular projeetion pathways, 479 
Thalassemia, 534, 535/ 

Thalidomide, 103, 103 

Theea, 509-510, 510, 719 
Theea folliculi, 716-717, 719-720, 720 
Thelarehe, 731 
Thenar eminenee, 344-345 
Thenar muscle group, 308, 309/ 
Thermoreeeptors, 109-110, 461 
Thermoregulation, 415 
skin, 109-110 
Thiek skin, 109 
Thigh, anatomy, 346 
Thin skin, 109 
Third-elass lever, 242, 243 
Third-degree burns, 127, 727 
Thoraeie eage, 167, 173, 173-175 
Thoraeie eavity, 16, 17, 340 
eross-seetion, 642, 642-643 
heart in, 541, 541 
Thoraeie curvature, 168 ,168 
Thoraeie region, 13, 74, 338, 340, 

372, 373 

arteries, 581, 581/-582/ 

Thoraeie vertebrae, 167, 167-168, 

171, 171-172 

development, 177-178 ,178 
Thoracolumbar faseia, 284-286, 

284/-286/ 


Thoroughfare ehannel, 568 
Thromboeytes, 533, 533 
Thromboeytopenia, 535 
Thrombopoiesis, 533, 533 
Thrombopoietin, 532 
Thrombosis, 534 
Throroughfare ehannel, 570 
Thumb 

anatomy, 344-345 
movements of, 27 8, 219 
Thymopoietin hormone, 505, 

505, 511/ 

Thymosin hormone, 505, 505, 511/ 
Thymulin hormone, 505, 505, 511/ 
Thymus gland, 17, 499, 505, 505 
Thyroglobulin, 506, 506 
Thyroid diverticulum, 513, 

513-514, 514 
Thyroid follieles, 506, 506 
Thyroid gland, 335, 499, 505-506, 

505-507 

disorders, 515, 575, 516/ 
hormones, 504, 511/ 
prenatal development, 513 
Thyroid hormone, 506 
disorders, 515, 575 
Thyroid-stirmilating hormone, 501, 

502, 503/, 504 
disorders, 515, 575 
Thyrotropin. See Thyroid-stirmilating 

hormone 

Thyrotropin-releasing hormone, 501, 

502, 502/, 504 
Thyroxine, 506, 511/ 

Tibia, 197, 797, 347-348 
Tibiofemoral joint, 225-228, 226-227 
Tie douloureux, 431 
Tight junctions, 38, 39 
eapillaries, 568 
spermatogenesis, 777 
stomaeh, 667 
Tinnitus, 493/ 

Tissue, 9. See also speeifie tissue 

types 

elassifieation, 54, 54/ 
eonneetive tissue, 63-71 
digestive traet, 656 
endoerine eells in, 510-511, 511/ 
epithelial tissue, 56-62, 57-62 
ereetile, 633, 634-635, 714 
glandular, 75-78 
growth, 79 

hemopoietie, 524-525 
histology (mieroseopie anatomy), 

54-81 

interstitial fluid, 30 
membranes, 78-79 
neuromuscular tissue, 72-74 
osseous, 70, 70, 70/ 
repair, 79-80 
seetions, 54-55, 55-56 
shrinkage and death, 80-81 
skeletal system, 132-134 
subcutaneous tissue, 109-110 ,110 
Tissue engineering, 80, 80 
Titin (eonneetin), 246, 246 
Tongue, 332, 634, 655 
anatomy, 466-468, 467-468, 659, 
659 

rmiseles of, 273/ 
prenatal development, 513 


Tonometry, 484 
Tonsils 

lingual, 467, 634 
palatine, 467, 634 
pharyngeal, 634 
Touch 

glossopharyngeal (IX) nerve, 434 
reeeptive field, 463, 464 
Toxins, metabolism, 674/ 

Trabeculae, 136, 137-138, 138 
earneae, 544, 545, 546 
exocrine glands, 76 
penis, 714 

Traehea, 332, 336, 631 
anatomy, 638-639, 638-639 
parathyroid gland, 507 
prenatal development, 513, 648 
thyroid anatomy, 506, 506 
upper respiratory traet, 631, 634, 
636, 636 

Traehealis, 638-639, 638-639 
Traeheal mucosa, 636 
Tranasverse tubules, 245 
Transcellular route, 693 
Transeytosis, 569 
Transeetion, spinal eord, 

393-394, 394/ 

Transferrin, 522, 522/ 

Transmission eleetron mieroseope 

(TEM), 26, 27 
Transport proteins, 33, 34 
Transport vesiele, 43 
Transverse areh, 200, 200 
Transverse humeral ligament, 

221-223, 223 
Transverse ligament 
knee, 226-227, 226-227 
vertebrae, 170 ,170 
Transverse plane, 12, 72 
Transverse reetal folds, 671, 672 
Transverse sinus, 402, 402 
Transverse tissue seetion, tissue, 

55, 56 

Trasitional epithelium, 57, 61, 61/, 62 
Trauma, skin, 109 
Triangular muscles, 239, 239 
Triehromatie vision, 487 
Trigeminal neuralgia, 431 
Trigger zone, 354, 355 
Trigone, 696, 697 
Triiodothyronine, 506, 511/ 
Trimesters (pregnaney), 87 
Triplo-X syndrome, 100 
Trisomy-13, 101 
Trisomy-18, 101 
Trisomy-21, 101-102 ,102 
Troehanters, 195, 795 
Troehlea, 187, 187, 481, 482 
Troehlear noteh, 187, 188 
Trophoblast, 88 ,90 
Trophoblastie (deciduous) nutrition, 

95,95 

Trophoblastie phase, 95 
Tropomyosin, 245, 245 
Troponin, 245, 245 
True ribs, 174, 774 
Truncus arteriosus, 557, 558 
Trank 

anatomy, 13, 74, 333-334 
braehioeephalie, 577-578, 
577Z-578/, 581, 591 
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eeliae, 584-585, 584í, 656-657 
eostoeervieal, 576í-578í, 

577-578, 581 
female anatomy, 333 
male anatomy, 334 
movements, 217, 27 8 
pulmonary, 541, 546, 549, 572, 573, 
601, 601 

thoraeoaeromial, 581 
thyroeervieal, 576í-578t, 

577-578, 581 
Trunk muscles, 279-289 
Trypsinogen, 678t 
Tubercle(s) 
eonoid, 185 ,185 
genital, 727, 728-730, 730 
humerus, 186-187 ,187 
isehial, 191, 792 
ribs, 174, 174 
vertebral, 169-170, 170 
Tuberculosis, 649, 650t 
Tuberosities of bone 
deltoid, 187 ,187 
gluteal, 195 ,195 
isehial, 707, 725 
radial, 187, 188 
tibial, 197, 197, 346 
Tubular glands, 76 
Tubular reabsorption, 691, 691 
Tubular seeretion, 691, 691 
Tubule lumen, 708 
Tubulin, 40, 42 
Tubuloacinar gland, 76 
Tufted eells, 468-469, 469-470 
Tumors, malignant tumors, 48, 48 
Tumor-suppressor (TS) genes, 48 
Tunica albuginea 
female, 716-717, 716-717, 720 
male, 705, 706-708, 714, 714 
Tunica externa (tunica adventitia), 

564, 565, 566, 571 
Tunica interna (tunica intima), 483, 

564, 565, 566, 571 
Tunica media, 564, 565-566, 571 
Tunica vaginalis, 705, 706-708, 730 
Tunica vasculosa, 483 
Turbinates, 158, 163, 163, 633, 

634-635 

Turner syndrome, 101-102 
Two-point touch diserimination, 463, 

464 

Tympanie eavity, 471-472, 471-472 
Tympanie membrane, 471-472, 

471-472, 475, 492 
Tympanie part, 160 ,161 
Type A and B spermatogonium, 709 
Type II muscle fibers, 253-254, 

253/, 254/ 

Type I muscle fibers, 253-254, 

253í, 254/ 

u 

IJleerative eolitis, 680t 
Ulcer(s), peptie, 668, 668 
Ulna, 187, 188 
Ulnar flexion, 217, 27 8, 219 
Ulnarnotch, 187, 188 
Ultraviolet radiation, skin eolor 

and,115 


Umbilical eord, 95, 601, 601-602, 604 
Umbilical region, 16 
Umbilicus, 333, 338 
Umbrella eells, 62, 696, 697 
Unencapsulated nerve endings, 

461-463, 462, 462/ 

Unicellular glands, 76, 76 
Unipolar neurons, 356, 356 
Unipotent stem eells, 50 
Upper limb, 344. See also Arm; 

Elbow; Hand; Shoulder; Wrist 
blood vessels, 590-593 
bones of, 185-190 
development, 200-201, 201 
evolution of, 300 
rmiseles and eompartments of, 
294-309 

Upper respiratory traet, 631 
eomponents, 632-637 
Urea, 686 
Uremia, 686 
Ureteric bud, 698 
Ureter(s), 336, 687-688 
anatomy, 685, 685, 695-696 
male, 706-101 
Urethra, 337, 342 
anatomy, 685, 685, 696, 697 
female, 716-717 
male, 706-707, 712, 714 
membranous, 696, 697, 706-101 
prenatal development, 728 
prostatie, 696, 697 
spongy (penile), 696, 697, 

706-101 

Urethral glands, 697 
Urethral groove, 729 
Urethral orifiee 
female, 725 
male, 714 

Urethral sphineter, 697 
Urinalysis, 692 

Urinary ineontinenee, 698, lOOt 
Urinary pole, 691 
Urinary system, 9, 10, 684-700 
aging, 698, 700 
anatomy, 685, 685 
bladder, 334, 336, 342, 604, 680, 
685, 685, 696, 697, 716-717 
developmental abnormalities, 698 
disorders, 700, 700í 
functions, 685-686 
prenatal development, 697-698, 

699, 728 

urine production, 691, 691 
Urinary traet, infeetions, 696 
Urine, blood and protein in, 692 
Urobilinogen, 673 
Urogenital folds, 727, 728-730, 730 
Urogenital triangle, 287/-288í, 288 
male, 707 
Uroplakins, 62 
Uterine milk, 95 

Uterine tube, 336, 716-718, 721, 727 
prenatal development, 728 
Uterine wall, 722 
Uterus, 336, 342, 716-717 
anatomy, 721-722, 722 
histology, 723 
prenatal development, 728 
Utricle, 472, 475-478, 476-478, 492 
Uvula, 634, 658 


V 

Vagal trnnks, 450, 451 
Vagina, 337, 342, 718 
anatomy, 724 

prenatal development, 728-729 
Vaginal orifiee, 716-717, 725 
Vaginal proeess, 730 
Vaginal rugae, 716-717, 724 
Vallate papillae, 467, 467 
Valvular prolapse, 546 
Van Leeuwenhoek, 564 
Variees, 681 
Varieoeele, 132t 
Varieose veins, 571 
Varieosities 
neurons, 355, 356 
smooth muscle, 256, 256, 445 
Vasa reeta, 689, 689 
Vasa vasoram, 564, 565 
Vascular disease, 603, 605 1 
Vascular layer, 482-484, 482^484 
Vascular plexuses 
abdominal aortie, 449, 449, 

451, 452 
eardiae, 450, 451 
earotid, 448 
pulmonary, 450, 451 
Vasoilar pole, 691 
Vascular system, aging, 603 
Vasculitis, 605í 
Vas deferens, 706-708, 712 
prenatal development, 728 
Vaseetomy, 712 
Vasoeonstrietion 
blood vessels, 564 
cutaneous, 109 
hemostasis, 533, 533-534 
Vasodilation, 564 
cutaneous, 109 

Vasomotor eenter, 406, 407-408 
Vasomotor tone, 455-456, 456 
Vein(s) 

abdominal region, 588-589, 
588/-589í 

abdominal wall, 588, 588 1 
antebraehial, 592/-593r, 593 
arcuate, 687, 688-689 
axillary, 335, 575, 580, 

592t-593t, 593 
azygos, 582r, 583 
basilie, 575, 592t-593t, 593 
blood vessels, 566 
braehial, 335, 575, 592t-593t, 593 
braehioeephalie, 335, 575, 580, 

582 1, 583 

bronehial, 582í, 583 
eardiae, 550 
eardinal, 601, 601-602 
eentral, 673, 674-675 
eephalie, 333, 335, 344, 575, 
592t-593t, 593 

circumflex femoral, 5911, 598-599 
elassifieation, 570-571, 570-571 
eortieal radial, 687, 688-689 
cubital, 344, 575, 592t-593t, 593 
eystie, 589, 589 1 
deep, 592t-593t, 593, 591t, 
598-599 

deep femoral, 575, 597 1, 598-599 


deep plantar venous areh, 597/, 
598-599 
diaphragm, 575 
dorsal, 714, 714-715 
dorsal venous network, 575, 

592/-593Z, 593, 597/, 598-599 
esophageal, 582/, 583 
faeial, 579/-580/, 580-581 
femoral, 333, 334, 575, 597/, 
598-599 

fibular, 575, 597/, 598-599 
gastrie, 589 
gastro-omental, 589 
general anatomy, 564-572 
gonadal, 575 
great eardiae, 552 
great eerebral, 580 
great saphenous, 333, 575, 597/, 
598-599 

head, 579/-580/, 580-581 
hemiazygos, 582/, 583 
hemorrhoidal, 671, 672 
hepatie, 336, 575, 585, 588, 588/, 
674-675, 676 

hepatie portal system, 589, 589/, 
657, 674-675, 676 
iliae, 583, 588, 588/, 597/, 598-599 
iliohimbar, 583 
intereostal, 582/, 583 
interlobar, 687, 688-689 
interventricular, 550 
jugular, 334, 340, 575, 579/-5 80/, 
580-581, 583 
kidney, 575 

lower limb, 597/, 598-599 
lumbar, 582/, 583, 588, 588/ 
marginal, 550, 552 
median antebraehial, 575 
mediastinal, 582/, 583 
medium, 570 

mesenterie, 341, 589, 589/ 
neek, 579/-580/, 580-581 
ophthalmie, 580 

ovarian, 588, 588/, 717, 718, 722 
palmar arehes, 575, 592/-593/, 593 
palmar venous network, 

592/-593/, 593 

pampiniform plexus, 705, 706-707 
panereatie, 589, 589/, 677, 677 
pelvie region, 588-589, 588/—589/ 
perieardial, 582/, 583 
phrenie, 588, 588/ 
plantar, 597/, 598-599 
plantar venous areh, 575 
popliteal, 575, 597/, 598-599 
posterior interventricular, 552 
prenatal development, 601, 601-602 
pulmonary, 541, 542, 546, 548, 

572, 573 

radial, 575, 592/-593/, 593 
renal, 583, 588, 588/, 685, 687, 
687-689, 689 
retinal, 482-484, 482-484 
small saphenous, 575, 597/, 598-599 
splenie, 589, 589/ 
stomaeh, 666 

subclavian, 335, 340, 575, 582/, 

583, 592/-593/, 593 
subcostal, 582/, 583 
superficial, 592/-593/, 593, 597/, 
598-599 
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Vein(s) ( eontinned ) 
superficial eerebral, 580 
superficial temporal, 579t-580í, 
580-581 

superior mesenterie, 336 
suprarenal, 588, 588 1 
systemie circuit, 575 
testicular, 588, 588 1, 709 
thebesian, 550, 552 
thoraeie, 582í, 583 
thyroid, 505-506, 505-506, 566, 
579t-5m, 580-581 
tibial, 575, 597 1, 598-599 
ulnar, 575, 592t-593t, 593 
umbilical, 96, 601, 601-602, 604 
upper limb, 592r-593í, 593 
vertebral, 579/-580/, 580-581 
vitelline, 601, 601-602 
Vellus, 116 
Vena eava 

inferior, 336, 341, 542, 544, 546, 
565, 588-589, 588í, 674, 685, 
687 

superior, 335, 336, 446, 542, 544, 
546, 549, 575, 582í, 583 
systemie circuit, 541, 541 
Venous anastomoses, 571-572, 572 
Venous drainage, 552 
Venous valves, 571, 571 
Ventral respiratory group, 645, 646 
Ventrieles 

of brain, 401, 403, 404, 406, 407- 
408, 426, 501 

heart, 340, 541-542, 541-542, 544, 
545, 546, 548-549, 557, 558 
pulmonary circuit, 573 
Ventricular fibrillation, 560/ 
Venule(s) 
fundus, 485 
muscular, 570 

portal, 500, 501-502, 502-503, 
503í, 504 
posteapillary, 570 
preeapillary sinuses, 570 
pulmonary, 642 
small intestine, 670 
Vermis, 410, 411-412 


Vernix easeosa, 124 ,124 
Vertebrae, 167-168, 167-175, 340- 

341, 342, 685 

eervieal, 169-171, 170-171 
eoeeygeal, 172, 173 
development, 177-178, 177-178 
fractures and disloeations, 179-180, 
180 

himbar, 172 ,172 

regional eharaeteristies, 169-173, 

170-172 

saeral, 167, 167-168, 172, 172-173 
spinal nerves and, 384, 384-385 
structure, 169 ,169 
thoraeie, 171, 171-172, 177-178, 
178, 541-542 
Vertebral areh, 169 ,169 
Vertebral eanal, 17, 169, 169 
Vertebral eohimn, 167-168, 167-175, 

332, 634 

development, 177-178, 177-178 
Vertebral furrow, 339 
Vertebra prominens, 171, 777 
Vesicouterine pouch, 716-717, 722 
Vesicular transport, 35, 35-36 
Vestibular apparatus, 475-478, 

476-479 

Vestibular bulbs, 724, 725 
Vestibular fold, 634, 636, 636 
Vestibular glands, 724, 725 
Vestibular membrane, 473, 473 
Vestibule 

ear, 434, 471, 471-473, 473 
mouth, 658-659 
nasal, 633-634, 634-635 
vaginal, 724, 725, 728 
Vestibulospinal traets, 375, 376, 37 6t, 

378, 379, 412, 479 
Villi, small intestine, 669, 669-670 
Viseera, 16, 16f 
retroperitoneal, 336 
Viseeral motor nerves, 352, 353. See 

also Autonomic nervous system 

(ANS) 

Viseeral muscle, 73, 256, 256 
Viseeral nerve fibers, 381, 381í 
Viseeral perieardmm, 17 


Viseeral peritoneum, 18 
Viseeral plueura, 17 
Viseeral reflexes, 392, 443-444, 444 
Viseeral sensory nerves, 352, 353 
Viscerocranium, 176 
Viseosity, plasma, 522, 522 1 
Vision, 429, 480-490. See also 

Eye(s); Retina 
eolor, 487 
day, 487 

duplicity theory, 488 
image formation, 485, 486, 486í 
night vision, 487 
reeeptive field, 463, 464 
reeeptors, 461 

Vistibulococchelar nerve, 161 
Visual cortex, 423-424, 424, 

490, 490 

Vitamin A, bone growth and, 144 
Vitamin C (aseorbie aeid), bone 

growth and, 144 
Vitamin D (ealeitriol), 510 
bone growth and, 144 
Vitamins, metabolism, 674í 
Vitelline duct, 93, 678, 

679-680 

Vitreous body (vitreous humor), 64, 

482-484, 482-484, 487, 493 
Vitreous ehamber, 482, 484 
Voeal eord, 332, 634, 636-637, 

636-637 

Volar surface, 344 
Voluntary muscle eontraetions, 

73, 236 

Vomer, 155-156, 165, 634 
Vulva, 724, 725 

w 

Water retention, 691, 691 
skin, 109 

Wernicke area, 420, 423, 424 
Whiplash injury, 179-180 ,180 
White blood eells (WBCs), 71, 521, 

521, 522 1, 527, 527-529,527-532, 
528-529, 528í-529 1, 531 


eomplete blood count (CBC), 532 
differential count, 527 
disorders, 535 
fibrous tissue, 63 
White fibers, 64 

White matter, 403, 403, 416, 417, 426 
spinal eord, 374, 375 
Wilms tumor, 48 
Wolff’s law of bone, 143-144 
Wrist 

anatomy, 345 

bones of, 185-190, 189-190 
muscles of, 303í-306f 304-306 


X 

X-ray imaging, 4, 5 
risks of, 103 


Y 

Yellow bone marrow, 138 ,138 
Yolk sae, 91, 92-94, 94, 525, 679 
angiogenesis, 601, 601-603 


Z 

Z line (striated muscle), 246, 

246-247 

Zona fasisculata, 508, 508 
Zona glomemlosa, 507-508, 508 
Zona pelhieida, 719-720, 720 
Zona reticularis, 508, 508 
Zone of bone deposition, 141 
Zone of ealeifieation, 141 
Zone of eell hypertrophy, 141 
Zone of eell proliferation, 141 
Zone of reserve eartilage, 141 
Zygomatie areh, 160, 161, 433 
Zygote, 85, 86, 87, 704 
Zymogen granules, 677, 677 
Zymogens, 677, 678 1 




